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NOTE: This work was performed on Contracts NASw-589 and NASw890 with the  
National Aeronautics and Space A d n k n k ~ % I ? % k n y - ~  , D. c* 
hrr I 
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All i n v e s t i g a t i o n s  of cometarv phenomena are d i r e c t e d  toward t h e  e l u c i d a -  
t i o n  of t h e  o r i p i n ,  format ion ,  and evo lu t ion  of comets which w i l l ,  i n  t u r n ,  
l e s d  t o  a b e t t e r  unders tanding  of t h e  o r i g i n ,  format ion ,  and evo lu t ion  of t h e  
S o l a r  System. 
advances i n  t h e  f i e l d s  of low-temperature phjrsics and chemistry,  photochemistry,  
maynetohydrodynamics, cha rge - t r ans fe r  r e a c t i o n s ,  and s c a t t e r i n g  phenomena may 
h a s t e n  t h e  u l t i m a t e  exp lana t ion  of cometary phenomena. 
Such i n v e s t i g a t i o n s  have encompassed many d i s c i p l i n e s  and r e c e n t  
The mul t i t ude  of a s t ronomica l  observa t ions  ,nade i n  t h e  p a s t  have allowed 
t h e  a n a l y s i s  OP t h e  observad cometary s y e c t r a  and t h e  t a b u l a t i o n  of t h e  physi-  
c a l  p r o p e r t i e s  and behavior  of comets. 
and t h e o r e t i c a l  s t u d i e s  have evolved. 
From t h i s  data, n o t a b l e  exper imenta l  
The experimental  s t u d i e s  have been poin ted  p r i m a r i l y  toward an exp lana t ion  
of t h e  occurrence  of t h e  observed emissions.  
cometary s p e c t r a  have been v e r i f i e d  by d e f i n i t e  i d e n t i f i c a t i o n  of t h e  ev i i t t i ng  
s p e c i e s  through l a b o r a t o r y  i n v e s t i g a t i o n .  With t h i s  done, t h e  experimental  
s t u d i e s  !?ave been a imed toward an explana t ion  of t h e  c h e n i c a l  processes  and 
mechanisms r e s p o n s i b l e  f o r  t h e  formation of t h e  e m i t t i n g  spec ie s .  
Many p r e l i m i n a r y  assi&nments  of 
Various t h e o r e t i c a l  studies of  cometary phenomena have been advanced t o  
e x p l a i n  t h e  e x i s t e n c e  o f  t h e  nucleus,  t h e  mechanisms which produce t h e  coma, 
and t h c  p r o p e r t i e s  o f  t h e  t a i l .  Such t h e o r i e s  have descr ibed  t h e  nuc leus ,  coma, 
and t a i l  i n  t e r n s  of s t r u c t u r e ,  composition, t empera ture ,  evapora t ion ,  photo- 
decomDosition, and i n t e r a c t i o n  wi th  pro tons ,  e l e c t r o n s ,  and radiowaves. However, 
t h e s e  t h e o r i e s  must remain s p e c u l a t i v e  a s  t h e y  have not ,  as y e t ,  been wholly 
veriCied by e m e r i m e n t a l  data. 
I n  t h i s  r e s p e c t ,  cont inued i n v e s t i p a t i o n s  i n  t h e  c h e n i s t r y  of comets w i l l  
be  an i n v a l u a b l e  t o o l  i n  d e t e m i n i n p  (1) the na ture ,  concen t r a t ion ,  i o n i z a t i o n ,  
and d i s s o c i a t i o n  of t h e  n a r e n t  no lecules  of t h e  e m i t t i n g  s p e c i e s  i n  t h e  coma 
and t a i l ,  ( 2 )  tke r e l e a s e  mechanism r e s y o n s i b l e  for t h e  e x i s t e n c e  of t h e  
p a r e n t  ,nolecules,  and (3)  t h e  comTosition of t h e  nucleus.  
The r e f e r e n c e s  inc luded  i n  t h i s  b ib l iog raphy  were accumulated a t  Aelpar ,  
I n c .  du r inp  t h e  course  of Cont rac ts  h1Asw-589 and NASw-390, a program i n  comet 
chemis t ry  d i r e c t e d  toward t h e  de te rmina t ion  of t h e  pa ren t  compounds r e s p o n s i b l e  
for t h e  emissions observed i n  cometary s p e c t r a .  Thus, a l l  r e f e r e n c e s  r e f l e c t  
t h e s e  i n v e s t i * , a t i o n s  i n  t h e i r  s u b j e c t  matter or r e p r e s e n t  t h e  necessa ry  back- 
&round knowledge. 
For convenience,  t h e  r e f e r e n c e s  are d iv ided  i n t o  t h r e e  areas - (1) t h o s e  
which r e p o r t  t h e  r e s u l t s  of land-based o b s e r v a t i c n s  and t h e  t h e o r e t i c a l  
i n t e r p r e t a t i o n s  r e s u l t i n g  from t h e s e  obse rva t ions ,  ( 2 )  t h o s e  which r e p o r t  d a t a  
o b t a i n e d  i n  t h e  l a b o r a t o r y  as a d i r e c t  r e s u l t  or" exper imenta t ion ,  and (3) t h o s e  
which may i n d i c a t e  t h e  t r e n d  of o u r  f u t u r e  space  i n v e s t i g a t i o n s .  
, 
The ava i lab i l i ty  of the Government contract  reports i s  indicated when 
prac t ica l  o r  necessary by the  ltNtt, ttOTSIt, or tlADtt numbers given a f t e r  the 
reference. 
Aeronautics and Space Administration, The Office of Technical Services, and 
the Defense Documentation Center, respectively. 
These numbers r e fe r  t o  the l i b ra ry  indexes of the  National 
Both an author index and a chemical index have been added t o  t h e  
bibliography f o r  the user 's  convenience. The chemical index includes those 
chemical species c i ted  i n  the  abstracts and t i t l e s  of the publications. The 
authors f e e l  that ,  while no bibliography can claim to  be complete, this 
compilation will provide a good basis f o r  anyone interested i n  undertaking a 
study i n  the chemistry of comets, 
The Chemistry of Comets -- An Annotated B ib l iog raphy  
J. B. Evans and V. J. DeCarlo 
CDS 7?Jj 7Tr';S $13 T :q??-'-Tj',TICIJ 
A co-preLersive survey op inforrnztion i s  conta ined  i n  t h e  s i x  c;anto,rs 
devoted t e  coxe t s  and authored by noted a u t h o r i t i e s .  
authored br E. I loemr  acid d e a l s  ,+it!! t h e  d iscovery ,  orbi ' , s ,  and obssrva-  
t i o n  of cornets; Chaqter 16, l y ~  J .  L .  P o r t e r ,  w i th  o r b i t a l  s t a t i s t i c s ;  
ChaDter 1 7 ,  b7  ti. T;Jurm, wi th  t h e  ? h y s j c a l  and chemic21 p - o p e r t i e s  and 
i n c l u d e s  d i s c u s s i o n s  of thc: f o r i ,  s p e c t r a ,  e x c i t a t i o n ,  d e n s i t i e s ,  
p o l a r i z a t i o n ,  and mechanical theory;  Chap t - r  15, by L. Biemann and 
3h. Lust ,  w i t h  t h e  s t r i i c t u r e  and dyna,iics of cometary t a i l s ;  Chapter 19, 
by 7.  L. Thiliipple, w i t h  the struct-ire of t h e  nucleus;  aria Cha2tm 29, by 
,J. H. Oort ,  w i t r !  e:tlpirical d a t a  on t h e  o r i g i n  of comets. 
Chaoter 1s i s  
2. R. A. L y t t l e t o n  
TT'7 SCi'iiT5 A(G3 T I L Z T ~  O 3 1 G I N  
Ca ibr idge TJnivers i ty  Press, New Yo~K, I J .  Y., 1953 
Tk.e :3ropert ies  and fo r r i a t ion  of cornets a r e  descr ibed  i n  an e f f o r t  t o  
e l u c i d a t e  t h e  o r i g i n  
3. iJ. 9. R i c h t e r  
mT'- I 7 3 WAT''3Z P7 CGil2ETS 
.kt huen and Company, 
A t r a n s l a t i o n  o f  t h e  
I7roT;ides a rexriew of' 
of comets. 
Ltd . , London, EnFland, 1963 
ori; .? n a l  " S t 3 t i  s t i ' r  und P'r7ysik de r  do-eten,  t'i z book 
i nformation concsrn ing  t h e  t , i s t o r v ,  s t a t i s t i c s ,  
IC. . .  13 I,!. in,rrill 
7 'ACZ SHE41 :T9v 
The l l n i v e r s i t y  of :.lichipan i;ress, Ann Arbor, !I: chip.an, 1963 
T're chemis t ry  07 t h e  s o l a r  s p t e r i ,  s t a r s ,  and nebulae  i s  d i s c u s s z d  and 
i n c l u d e s  a s h o r t  t r e a t n e n t  of  t h e  cbe r i i s t r f  of comets. 
A corwara t i  ve s t u d v  i s  lade of l:,e d o s s i b l ?  ,eclianisins o f  formation,  
d i  s s o c i a t i o n ,  and i o n i z a t i o n  i n  c o , w t s  and  i n  int , r r ;  , s l l a r  s9ace.  
addi",onal i d e n t i f i c a t i o n  w x K  necess - r  
3 rocess2s  i s  s2t fork! , i h i l e  t h e  ic 'ent i f icr i t ior! ,  i o n i z a t i o n ,  d i s s o c i a t i o n ,  
avd alwndai;ce of CF-I', GI$, ard  C 2  ar2 t r o a t z d  a t  lenk t h .  
T i l e  
t o  a i  zxplar ia t ion cf t h e s e  
-2- 
6. P. Swings 
i~l0l,%CTJT,!\)2 BANDS I N  COj.1ZTARY SPECTRA. IDEITTIFICATIONS 
Rev, Nod. Phys. 14, 190 (1942) - 
A d i s c u s s i o n  summarizes t h e  i d e n t i f i c a t i o n  of t h e  molecules  OH, NH, CN, 
CII, C2,  CH', GO', and N2. 
a s s o c i a t e d  wi th  t h e i r  i d e n t i f i c a t i o n  are t r e a t e d .  
The source of t h e s e  molecules  and t h e  problems 
7. P. Swinps 
CCi4ET 4IzY SPYCTR4, FZ3POFZTS C" TI-IE PPOGRESS ?F ASTRCNONY 
lon th ly  Notices  of t h e  Royal Astronomical S o c i e t y  - 103, 56 (1943) 
A rev iew of cometar?/ astronomy d i scusses  t h e  vis ible ,  u l t r a v i o l e t ,  a s t ron -  
omical ,  and laborator; .  observa t ion  of t h e  diatomic molecules  OH, NH, and 
CHC; t h e  t r i a t o m i c  CH ; and t h e  less d e f i n i t e  OH' and NH2. The p r e v i o u s l y  
i d e n t i f i e d  molecules  &J, C2, CI-I, CO', and N a r e  a l s o  t r e a t e d  i n  a con- 
c lud ing  d i scuss ion  of t h e  e x c i t a t i o n  mechanism and r o t a t i o n a l  s t r u c t u r e  of 
cometary bands, and of t h e  ohgs ica l  form and s t a b i l i t y  of cometary m a t e r i a l s .  
2 
8, P. Swings and T. Page 
T R S  S?XTRl,r;.I CF C0JI.Y BZST32 (1947k) 
Ast rophys ica l  J o u r n a l  - 111, 530 (1950) 
An a n a l y s i s  of t h e  u l t r a v i o l e t ,  v is ible ,  and nea r  i n f r a r e d  s p e c t r a  of comet 
a e s t e r  (1947~) i s  p resen ted  w i t h  a summary of i d e n t i f i c a t i o n s  f o r  CN, C2,  
OH, TJH, GO+, ', OH', NH2, and t h e  h k O s O  ?and system. 
i d e n t i f i e d  i t e h e  t a i l  i nc lude  GO', and GO2 , and t h e  t e n t a t i v e l y  a s s igned  
NO and 02. 
whi le  spectrograms of t h e  head cover t h e  v i s i b l e  and near i n f r a r e d  reg ion .  
A comparison of t h i s  s p e c t r a  w i t h  t h o s e  o f  o t h e r  cornets i s  given,  and t h e  
t r a n s i t i o n s  and o r i g i n  of t h e  s p e c i f i c  emissions are pos tu l a t ed .  
PIolecules 
S l i t  spectrograms of t h e  t a i l  cover  t h e  u l t r a v i o l e t  r eg ion ,  
9. T. ?age 
7TCEYT STATTSTICAL STUDISS IJd ASTRONOMY 
Sc ience  - 132, 1870 (1960) 
S t a t i s t i c a l  s t u d i e s  reveal information about t h e  mass, expansion, and r a d i o  
emission of F a l a x i e s  and t h e  o r i g i n  and loss of comets. 
10. P. .Swincs and L. Haser 
ATMY F s ~ ~ ~ y y r  ATT'E CP n x v r  SPTCTRA 
The  U n i v e r s i t y  of Liege,  I n s t i t u t e  of As t roob j~s i c s ,  Cointe-Schlessin,  
Relgiurn, 1956 
AD 119 2314 
A compi la t ion  of 350 r e p r e s e n t a t i v e  s g e c t r a  i s  p resen ted  wi th  d e s c r i p t i o n ,  
n o t e s ,  and r e f e r e n c e s  p iven  as necessary.  A foreword d e s c r i b e s  t h e  
t -  
meaningful a s p e c t s  of cometary spec t roscopy and i n c l u d e s  d e f i n i t i o n s ;  
i n s t r u m e n t a l  i n f luences ;  p r i n c i p l e s  f o r  t h e  i d e n t i f i c a t i o n  of emissions;  
wavelength t a b l e s ;  t h e  cometary bands,  continuum, molecules,  etc; and t h e  
i n t e r r e l a t i o n  between cometary s p e c t r a  and t h a t  observed i n  t h e  atmosphere 
and stars. 
11. P. Swinrs and L. IIaser 
NOT% CN COMETAV SP3CCTFtA 
The TJniversity of Liege,  I n s t i t u t e  of  As t rophys ics ,  Cointe-Schlessin,  
Belgium, 1956 
AD 119 235 
Notes publ i shed  i n  addendum t o  Sici.ng's A t l a s  exp la in  t h e  l i m i t a t i o n s  
e f f e c t e d  by i n s t r u m e n t a l  and obse rva t iona l  errors and by t h e  cho ice  of 
comet nodel.  
12. L. Haser 
LA CONS3E7-4TIG~J DG RADICATJY T J I 3 R S  A '  RASSE TZi'PSR4TIJdZ ZT THE STRUCTTRE 
1) CS I'LOYAITY D3 CC,vI JTB 
Corptes  Rendus - 241, 742 (1955) 
It is t h e o r i z e d  t h a t  t h e  observed r a d i c a l s  are  formed by p h o t o d i s s o c i a t i o n  
of t h e  pa ren t  molecules  produced by sub l ima t ion  of  t h e  ices i n  t h e  nucleus.  
A new process  f o r  t he  Froduct ion  of r a d i c a l s  by comets i s  proposed. 
14. P. Swings 
T I T I  SPXTRA Pa T I i l  COTilETS 
Vistas i n  Astronomy 2, 953-931, lergamon Press (1956) 
A D r e s e n t a t i o n  of t h e  g e n e r a l  c h a r a c t e r i s t i c s  of comets i s  followed by a 
d e s c r i p t i o n  of t h e  u l t r a v i o l e t ,  v i s i b l e ,  and nea r  i n f r a r n d  spectrum of t h e  
coma and t a i l .  
n o s s i b l e  causes  of e x c i t a t i o n  and t h e  mechanisms. 
- 
The assignment  of t h e  emissions i s  d i scussed  a long  wi th  t h e  
15. P. SwinEs e t  ax 
lT@T SS ON COYETARY l'HYSICS 
The IJn ivers i ty  of Liege,  I n s t i t u t e  of As t rophys ics ,  Cointe-Schlessin,  
Belgium, 1957 
AD 117 169 
Notes  prepared p re l imina ry  t o  "Research on R e l a t i o n s  between Cometary, 
S o l a r ,  and Atmospheric Phys ic s , "  d i s c u s s  t h e  i d e n t i f i c a t i o n  of emissions 
-4- 
. 
i n  cometary s p e c t r a ,  t h e  p o s s i b i l i t y  of f luo rescence  e x c i t a t i o n  i n  comets, 
t h e  chemical r e a c t i o n s  i n  comets, and t h e  monochromatic i n t e n s i t y  d i s t r i b u -  
t i o n  i n  a comet 's  head. 
16. P. Swings 
?.;ST:AFl.r=F' Q!pT X?T,ATICY3 f3 '? ,T 'CXF COMETARY, SOLAR, AND UPPER ATYOSPHZRIC PHYSICS 
The U n i v e r s i t y  of Liege,  I n s t i t u t e  of As t rophys ics ,  Cointe-Schlessin,  
Selgium, 1959 
AD 152 525 
An a t tempt  t o  d i scove r  an i n t e r r e l a t i o n s h i p  between cometary, s o l a r ,  and 
atmospheric  p rocesses  i s  presented  i n  t h r e e  s e c t i o n s .  The s e c t i o n  on 
cometary phys ic s  i n c l u d e s  a nurribcr of s t u d i e s :  t h e  assignment of t h e  
i n f r a r e d  system of CN, t h e  i d e n t i f i c a t i o n  of t h e  fo rb idden  l i n e s  of O(1) 
i n  comets and a comparison with t h a t  of t h e  upper  atmosphere, a s s ignxen t  
of a c c u r a t e  wavelengths i n  t h e  v i s i b l e  r eg ion  and i n  p a r t i c u l a r  f o r  WH2, 
a comparison of Comet Encke i n  1957 and 1947-1937, t h e  o r i g i n  of t h e  
cont inuous spectrum of cornets, the i n t e n s i t y  and p o l a r i z a t i o n  of l i g h t  
s c a t t  ::red by corietary p a r t i c l e s ,  t r apped  r a d i c a l s  and t h e i r  p o s s i b l e  
r e a c t i o n s ,  and t h e  t h e o r e t i c a l  d i s t r i b u t i o n  of t h e  molecules  i n  t h e  head. 
17. P. Swings e t  a1 
ON TH3 O R I G I N  OF THY SONTINUOUS SPECTRUI CF COIIETS 
T h e  U n i v e r s i t y  of Liege,  I n s t i t u t e  of As t rophys ics ,  Cointe-Schlessin,  
Belgium, 1959 
AD 243 271 
The p o s s i b l e  causes  of t h e  continuous s p e c t r u r  of comets a r e  examined. 
Four mechanisms are considered -- d i f f u s e  r e f l e c t i o n  b y  t h e  s o l i d  nuc leus ,  
s c a t t e r i n g  by molecules,  s c a t t e r i n g  by s o l i d  par t ic les ,  and s c a t t e r i n g  by 
f r ee  e l e c t r o n s .  It i s  concluded tha t  t h e  s o l a r  continuum of comets i s  due 
p r i m a r i l y  t o  s c a t t e r i n g  by s o l i d  particles.  
15. P. Swings e t  a1 
RTTATIOFTS 9Tl?.E7?'?J CO?l3TARY Ai4D SOLAR ACTI\IITY 
The U n i v e r s i t y  of Liege,  I n s t i t u t e  of As t rophys ics ,  Cointe-Schlessin,  
Belgium, 1960 
AD 243 274 
The behavior  of d u s t  and gaseous cometary heads i s  compared t o  s o l a r  
a c t i v i t y  t o  i n d i c a t e  t h a t  t h e  b r i g h t n e s s  of a d u s t  head i s  no t  r e l a t e d  
a p p r e c i a b l y  t o  s o l a r  a c t i v i t y  while a gaseous head may be. 
? J n i v e r s i t g  of Liege,  I n s t i t u t e  of Astrophysics ,  Cointe-Schlessin,  Belgium, 1960 
AD 243 275 
Cometary s p e c t r a  i s  analyzed i n  s t u d i e s  of a f l u o r e s c e n c e  e x c i t a t i o n  
-5- 
mechanism f o r  t h e  C 
Comets 1 9 5 7 ~  and 19?9b, and t h e  r e l a t i v e  abundance3 of CO' i n  t h e  t a i l  and 
CN i n  t h e  head of Comet Bester 1947k. 
Swan bands,  t h e  r a d i i  of t h e  n u c l e i  of t h e  p e r i o d i c  
20. P. Swinps, D. Bosman-Crespin and C. Arpigny 
TII5ORETTTCAL SCI\rSTI)SMTICNS CN TY3 ?REDICTZD FIR IJLTRAVIOLTT SXTM OF 
C0:"IETS :'TD 1-F XLA3 .41TRCRA3 
V n i v e r s i t y  o f  Liege, I n s t i t u t e  of As t rophys ics ,  Cointe-Schlessin,  Belgium, 
AD 2[;7 098 
1960 
The expected f a r  u l t r a v i o l e t  s p e c t r a  of comets and au ro rae  is d iscussed  
and s p e c i f i c  w e d i c t i o n s  a r e  t a b u l a t e d  f o r  a p p l i c a t i o n  t o  ?lanned r o c k e t  
and snace  probe i n v e s t i g a t i o n .  
21. P. Swings 
R7CE;VT 2RrGRESS TPi SC~l,ETARtI SP 3CTRCSCOPY 
I Jn ive r s i ty  of Liege,  Department o f  As t rophys ics ,  Cointe-Schlessin,  Belgium, 
1963 
AD 430 639 
The r e p o r t  d i s c u s s e s  r e c e n t  progress  i n  cometary obse rva t ions  and s p e c t r o s -  
copy as w e l l  as i n  t h e  understanding of t h e  e x c i t a t i o n  mechanism of t h e  
d ia tomic  and t r i a t o m i c  radicals and ions .  
22. A. H .  Delsemrre and P. Swings 
K Y 3 3 4 T ~ S  DE GAZ DAMS LIS ?TOYAT.JX COi.,ZTAI33S ET L3S GRAIIIS 1V";RST';ZLAR 
Ann. d 'Astrophys.  - 15, 1 (1952) 
The presence  of s o l i d  hydra t e s  of CH 
? r e s s i r e s  of t!ie v a r i o u s  hydra tes  a r e  of t h e  same o rde r  of magnitude, w h i l e  
t h e  vapor  p r e s s u r e s  of s o l i d  GI-14, 1120 etc. d i f f e r  by very l a r g e  f a c t o r s .  
C02, ... i n  cometary n u c l e i  and 
i n t e r s t e l l a r  g r a i n s  i s  assumed and su % s t a n t i a t c d  by no t ing  t h a t  t h e  vapor  
23. P.  D. J o s e  and P. Swings 
T i Z  SP7CTRlW 07 T W T  19h81 
As t rophys ica l  Jou rna l  111, 41 (1950) 
From an a n a l y s i s  of e i p h t  spec t ropams  of Comet 19j481, sodium emission i s  
i d e n t i f i e d  a t  r = 0.73 and r = 0.79 AI?, and CN and t h e  A4050 group a t  
r = 2.21 AU. The u s u a l  co-jiplex s t r u c t u r e  or" t h e  CY bands i s  a t t r i b u t e d  t o  
t h e  f l u o r e s c e n c e  e x c i t a t i o n  by selar  r a d i z t i o n .  
"CI1211 a r e  coxpared, and u n i d e n t i f i e d  f e a t u r e s  observed w i t h i n  and between 
t h e  Swan bands and i n  t h e  yellow-red reg ion  are d iscussed .  
-
The behavior  of S i  and 
-6- 
A 
This  r e n o r t  p r e s e n t s  a d i scuss ion  of t h e  w o g r e s s  achieved i n  a profiram f o r  
t h e  l a b o r a t o r y  product ion  of rnolecules of as t ronomica l  i n t e r e s t ;  s tudy  of 
t h e  p h y s i c a l  mechanisms of comets and t h e  upper atmosphere; and i n v e s t i g a -  
t i o n s  r e l a t e d  t o  space e x p r i m e n t s ,  wLich i n c l u d e  f a r  u l t r a v i o l e t  s p e c t r a  
of stars, comets and aurorae ,  and a r t i f i c i a l  comets. 
25. L. Houziaux 
DENSITY 0s C 
The U n i v e r s i f y  of Liege,  I n s t i t u t e  of As t rophys ics ,  Cointe-Schlessin,  
Belgium, 1961 
AD 269 914 
MOLXIJL3S IN THZ H3AD C? :01i:T iTt?KOS 19SSe 
The energy emi t ted  i n  the(1,O)band of t h e  Swan system f o r  C 2 ,  as de r ived  
from p h o t o e l e c t r i c  obse rva t ions ,  i s  used t o  c a l c u l a t e  t h e  v a r i a t i o n  between 
t h e  d e n s i t y  of t h e  C molecule i n  r e g i o n s  c l o s e  t o  t h e  nuc leus  and t h a t  i n  
e x t e r n a l  r e g i o n s  of $he head. 
26. P. Swings and J. L. Greens t e in  
P?TSYNCE D5S RK3S INTTRDIT3S D9 L' OXYGSN DAWS L?S SPZCTRA COPETAIRFS 
Comptes Rendus - 246, 511 (1958) 
The i d e n t i f i c a t i o n  of O(1)i.n cometary s p e c t r a  i s  presented .  
27. J .  L. Greens te in  and C. Arpigny 
TF';; VTSUAL ?.XIr'bJ rp TE.: "sP'CTRU;'I 0' Cc' :T 'TRRriOS (1957d)  AT H I G H  7;SOLUTION 
As t rophys ica l  J o u r n a l  135, 392 (1962) 
T h e  emission l i n e  and band spectrum of t h e  head of Comet 1957d are analyzed 
and p resen ted  i n  a t a b l e  oE i d e n t i f i c a t i o n s .  The C2 and NH2 bands produced 
by  resonance  f l u o r e s c e n c e  were nearly completely r e so lved ,  whi le  t h e  Na( I) 
l i n e s  were found t o  b e  asyrnrnetric w i t h  r e s p e c t  t o  t h e  nucleus.  
-
28. J .  L. Greens t e in  
THE SPTCTRKq OF C014 ZT IJUi4ASON (1961e) 
A s t r o p h y s i c a l  Journa l  -9  136 688 (1962) 
Spec t roscop ic  obse rva t ions  of Comet 1961e a r e  analyzed and p resen ted  i n  a 
t ab le  of i d e n t i f i c a t i o n s .  
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29. J. 1,. Greens te in  
€IIG~I-~7SOLIJTIOY! SP <CTW 9p i=\'?hlTT - B K O S  (1957d)  
As t rophys ica l  J o u r n a l  - 128, 106 (1958) 
A new second-order effect  observed i n  h igh -d i spe r s ion  Coude' s p e c t r a  of 
Comet i4rkos i s  p resen ted  i n  a d e t a i l e d  s t u d y  of Swings' resonance- f luorescence  
mechanism. 
were found t o  change wi th in  4000km on o p p o s i t e  s i d e s  of t h e  nuc leus  and 
are r e p o r t e d l y  caused by  motions.  
I n t e n s i t y  r a t i o s  between i n d i v i d u a l  r o t a t i o n a l  cyanogen l i n e s  
30. P. Swings, C. T.  Elvey and H. ki. Babcock 
THZ SPXTRUlvl Pv SOKST CUN''INGHAiq, 1 9 4 0 ~  
As t roahys ica l  J o u r n a l  - 914, 320 (1941) 
The i d e n t i f i c a t i o n  of wel l - resolved u l t r a v i o l e t  bands due t o  OH and YE1 i n  
s l i t  spectrograms of Comet Cunningham i s  r e p o r t e d  along w i t h  a d e s c r i p t i o n  
o f  t:-le observed CH bands,  t h e  abundances of t h e  OH and NI-I molecliles, t h e  
absence of SI\! bands i n  t h e  t a i l ,  and bands ohserved between hjr000 and U 3 O .  
31. P. Swinps e t  a1 
3'?STil \q(T PY 7'7L4TIOYT~ R3T1.T3N CON STARY, SOL4'2 A'iD lTPP3R Ar:?@S3'3RIS PRO",SSES 
TJnivers i ty  of L i e p ,  Department of AstroDhysics,  Coin te-Schless in ,  Belgium, 
March 31, 1963 
N63 -1 7 5'40 
F'rogress i s  r epor t ed  for i nves t i : : a t i ons  i n  t ime-resolved s p e c t r o s c  
t h e  f a r  u l t r a v i o l e t ,  t h e  absorp t ion  s p e c t r a  of €i2, D , HD, C , SO2 f g  , SO2 18 , 
and H20? and a p p l i c a b l e  e f f o r t s  i n  in s t rumen ta t ion .  2The phyz ica l  inechanisms 
r e s p o n s i b l c  f o r  cometary phenomena and r e l a t e d  space i n v e s t i g a t i o n s  are 
d iscussed .  
y i n  
32. L. Remy-Battiau 
THJ L w m x I T Y  :LRIATICNS 07 COPI ;T IIZADS 
U n i v e r s i t y  of Liege,  Department of' As t rophys ics ,  Cointe-Schlessin,  Belgium, 
August 20, 1964 
AD 606 655 
A s t u d y  d i r e c t e d  toward t h e  e l u c i d a t i o n  of t h e  r e l a t i o n  between s o l a r  
a c t i v i t y  and cometary b r i g h t n e s s  re-examines Whitney 's  work on cometary 
o u t b u r s t s  under t h e  assumption t h a t  t h e  l i p h t  emi t ted  a t  t h e  t i m e  of an 
o u t b u r s t  i s  due t o  s c a t t e r i n g  of s o l a r  r a d i a t i o n  by s m a l l  s o l i d  p a r t i c l e s .  
The s t u d y  cons ide r s  t h e  masses and r e q u i r e d  cne rp ie s  and concludes t h a t  
s o l a r  p a r t i c l e s  a r e  no t  l i k e l y  t o  b e  r e s p o n s i b l e  f o r  c m e t a r j  o u t b u r s t s .  
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33. B. Donn and H.  C. Urey 
OTT THE '*:YCHANTSM '27 CCliqTT CLTPT;RST? AYD TIiE C!l 314LC3-L COFIPOSITIOV OF C c I i F 2 "  
As t rophys ica l  J o u r n a l  - 123, 339 (1956) 
Trominent comet a c t i v i t y  i s  proposed t o  arise from e x p l o s i v e  chemical 
r e a c t i o n s  invo lv ing  f r e e  radical and -uns tab le  molecules.  
34. B. Donn and H. C. Urey 
SE3JIICAL H ZATIMG P9C7TSST;S IILT ASTROROAICAL OLVZCTS 
i k m .  SOC. Roy. Sci .  Liege,  bo, 18 ,  124 (1957) -
Chemical h e a t i n g  by  recombination of  atoms, f r e e  radicals, or e n e r g e t i c  
molecules  i s  considered as an e x Q a n a t i o n  of t h e  cause o€ comet o u t b u r s t s .  
35. R. Donn 
COILTZTS AI'D THY WD!TSTRY 0" 14ATT7B TJ S?ACE: 
Astronomical  J o u r n a l  64, 126 (1959) 
A brief no te  p o i n t s  ou t  t h a t  comets may he  looked upon as t h e  i n i t i a l  
stapes of accumulation fron t h e  solar nebula  which could have u l t i a a t e l y  
develop2d i n t o  a s t e r o i d a l  and nlanetaTf o b j e c t s  and, t h u s , t h a t  t h e  i n v e s t i -  
g a t i o n  of comets i s  a v a l i d  anproach t o  cosmic chemistry.  
- 
36. R. Donn 
F O ~ I ~ I T I O N  AVJD TRAPPING OF FRSE RilDICALS (A.  VI. RASS A?JD 1-1. P. SF11'138, EDTTORS) 
Chay. 11, pp. 347-363, Academic Press ,  Inc. ,  New York, N. Y., 1960 
-4 b r i e f  d e s c r i p t i o n  of comets i s  g iven  i n  a rev iew OF t h e  low- tenpera ture  
c h e , r i s t r y  of cometary c o n s t i t u e n t s ,  comet ir.odels, cometary s p e c t r a ,  and 
p o s t u l a t e d  mechanisms o r  causes  o f  cometary phenomena. 
37. B. Donn 
TH 3 cT1 MAST 3iZISTICS OF DISTANT COiGTS 
Ann. dfAst rophys .  25, 319 (1962) -
The spec t roscop ic  obse rva t ions  and c o l o r s  of comets are analyzed and 
i n d i c a t e  t h a t  on ly  s u n l i g h t  s c a t t e r e d  from s o l i d  g r a i n s  can exp la in  t h e  
da ta .  The u s e  of p rev ious  comet - t a i l  xodels  as s e t  f o r t h  by Brandt,  
Os terbrock ,  Chamberlain, and Parker  t o  e x p l a i n  i n t e r p l a n e t a r y  medi_um or 
as a s o l a r - s y s t e n  probe  is  re fu t ed .  
Thy Droposed format ion  O P  t e k t i t e s  by cometary c o l l i s i o n  wi th  t h e  e a r t h  i s  
sllpoorted. 
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39. B. Donn 
THE O ' I I G I N  .YID NA"TJRE OF Y L I 3  PARTICLES I N  S?AC% 
Presented  a t  t h e  New York Acadeny of Sc iences  Conference on Cosmic Dust, 
Goddard Space F l i E h t  Cents r ,  Greenbel t ,  iJId., November 21-22, 1963 
An a n a l y s i s  of t h e  tqpes  of p a r t i c l e s  t h a t  e x i s t  i n  i n t e q l a n e t a r y  space  
i s  concerned wi th  t i le  c o l l e c t i o n  and d e t e c t i o n  of such p a r t i c l e s  and wi th  
t h e  i d e n t i f i c a t i o n  of t h e i r  primary source.  P o s s i b l e  s o u r c e s  of such 
material are considered t o  be pr imary g ra ins ,  cometary d u s t ,  a s t e r o i d a l  
dus t ,  m e t e o r i t e  a b l a t i o n  products ,  meteor ic  r e s i d u e ,  and i n t e r s t e l l a r  
e;raj.ns . 
40. F. Donn and G. J .  S e a r s  
PLANETS 4ND 'TM'TS: ROLT r'? CRYSTAJ, [GRPTTTIi I N  TR3IR FORNATION 
Sc ience  1LO, 1209 (1963) -
Crystal  prowth t h e o r y  i s  a m l i e d  t o  t h e  format ion  of smoke p a r t i c l e s  from 
t h e  n r imord ia l  s o l a r  nebula t o  i n d i c a t e  t h a t  s o l i d  p a r t i c l e s  w-ith f i l a -  
mentary s t r u c t u r e s  w i l l  form and t h u s  f a c i l i t a t e  s u c c e s s i v e  aggrega t ion  
i n t o  p l a n e t s ,  comets, and a s t e r o i d s .  
111. 3. Donn 
TJ13 W I G T N  RVD STRTJCTYRZ C-? I C Y  COA?lTA3Y NUCLEI 
I c a r u s  - 2, 396 (1963) 
The  o r i g i n  and s t r u c t u r e  of t h e  n u c l e i  i s  examined w i t h i n  t h e  boundar ies  
of p r e s e n t l y  accepted models. 
t h e  sun, v e l o c i t y ,  tem?erature ,  cloud of comets, and t h e  format ion  of 
p l a n e t s .  
ice, d e n s i t y ,  p r e s s u r e ,  and temperature .  
The a n a l y s i s  cons ide r s  t h e  d i s t a n c e  from 
The s t r u c t u r e  of t h e  n u c l e i  i s  cons idered  i n  terms of an H2G 
142. L. S. ilarochnik 
TIT? FOW4 07 CCfDTAS'! 3TWELCP';S 
Sov. Astron. 4, 480 (1960) - Astron Zh. 37, 508 (1960) - -
AlYven's hypothes is  r e l a t i n g  t o  the  i n t e r a c t i o n  between cometary gas  a n d  a 
stream of p a r t i c l e s  c a r r y i n g  a magnetic f i e l d  i s  used t o  show t h a t  t h e  form 
o f  a cometary envelope i s  descr ibed by a ca tenary ,  i n  accord wi th  observa- 
t i o n s .  
c m - t a r y '  forms i s  on ly  a roub7h approximation. The t r a n s v e r s e  motions 
observed i n  t h e  t a i l s  of comets a r e  accounted for i n  terms of Alfven waves. 
T h e  upner l i m i t  of t h e  rnarnetic f i e l d  i s  es t imated .  
The p a r a b o l i c  r e l a t i o n s h b  f lowing from t h e  mechanical t h e o r y  of 
(Author)  
' .  
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An i n v e s t i r a t i o n  i s  c a r r i e d  o u t  of  t h e  t r a n s f o r m a t i o n  of cometary g a s  
plasma o s c i l l a t i o n s  i n t o  r a d i o  eniss ion.  
plasma waves and t h e  i n t e n s i t y  of t h e  a r i s i n g  r a d i o  emission are c a l c u l a t e d .  
The l a t t e r  corresponds t o  t h e  observed v a l u e s .  It i s  shown t h a t  t h e  
r e f l e c t i o n  of t h e  s o l a r  r a d i o  m i s s i o n  by t h e  comet $asma i s  i n e s s e n t i a l .  
The effect  of t h e  comet 's  p r o p e r  magnetic f i e l d  i s  a l s o  i n e s s e n t i a l .  (Uq) 
The e f fec t ive  tempera ture  of t h e  
44. L. S. Aarochnik 
CN THE PL..2Si'IA NATURI;: OF A COMSTS' H U D  
Sov. Astron. 6, 5'32 (1963) - Astron. Zh. 39, 678 (1962) - -
The gas  i n  a comet 's  head i s  considered t o  be a p l a s n a  wi th  a h igh  degree  
of  i o n i z a t i o n .  
i o n i z a t i o n  are also t r e a t e d .  
The shape of t h e  cornetls head and t h e  orig4.n of t h e  
An a t temot  i s  made t o  develop t h e  t h e o r y  o f  shock waves i n  a o p l i c a t i o n  t o  
comets. The p o s s i b i l i t y  of cons ider ing  the p r o c e s s  of  c o l l i s i o n  of a 
cometary head wi th  a solar cornuscular  strean i n  terms of mapnetohydrodynamics 
i s  shorm. 
a re  comFuted. The ~ ~ s l i l t s  obtained a re  used t o  ana lyze  some phenomena i n  
comets. (Author)  
The mra-ieters of shock waves o r i g i n a t i n g  during t h i s  p r o c e s s  
46. L. S. Marochnik 
T;7AVi F?TIOPS IT! S0113T TATLS 
SOV. Astron. 7, 218 (1963) - Astron. Zh. 40, 284 (1963) - - 
The causes  f o r  wave motions i n  ionized cometary t a i l s  are d iscussed .  
i s  shown t h a t  t h e s e  motions a r e  r e l a t e d  t o  inagnetohydrodpamic waves. 
i n c r e a s e  i n  a n p l i t u d e  and wavelength w i t h  d i s t a n c e  from t h e  head t o  t h e  
t a i l  i s  accounted f o r  as a n  increnent  i n  t h e  l o c a l  Alfven v e l o c i t y .  
It 
The 
47. L. S .  i\!arochnik 
Ii\rTTXACTIQN '7TT J% 3 : 50LA.R CORIUSC'JLA? STR'L~PIS A.dD CCLJ13TAW AT, L O S ~ I I E ~ ~ ' S .  
11. "COLLd?SI~\?G" ~ W Y L O p ~ S .  RADIO-?31$rJEM2Y 9:TSSION 
Sov. Astron. 7,  334 (1963) - A4stron. Zh. 40, SO4 (1963) 
The co l laDsing  envelopes observsd i n  Comet dorehouse 1908 I11 and o t h e r  
- - 
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comets are analyzed and c o r r e l a t e d  w i t h  t h e  occurrence  of i o n i z a t i o n  and 
radio-frequency emission.  
48. L. S. Yarochnik 
CFTTS3 Pv TPI\TT?,ATION 0 I' CC'I?T-4FIY I.I"L7STJLSS 
Sov. Astron. - 7, 54L (1964) - Astron. Zh. - l+O, 714 (1963) 
I n  this pape r  it i s  shown t h a t  t h e  focuss ing  of t h e  qagne t i c  f i e l d  of t h e  
s o l a r  co rpuscu la r  strearn leads t o  an i n c r e a s e  i n  t h e  concen t r a t ion  of 
p ro tons  i n  t h e  streaq. &en i f  the  corpuscular  s t r e a i i  w a s  extremely 
r a r i f i e d  b e f o r e  c o l l i s i o n  wi th  the  comet, t h e  i n c r e a s e  of p ro ton  concentra-  
t i o n  i s  s u f f i c i e n t  for exo la in ing  t h e  observed l ifetime of pa ren t  rnolecules 
b e f o r e  i o n i z a t i o n  by recha rg ing  H+ + M - PI+ + H (M = a p a r e n t  molecule) .  
The f o c u s s i n g  of t h e  f i e l d  t o  t h e  nuc leus  a l s o  makes it p o s s i b l e  t o  under- 
s t a n d  t h e  l o c a t i o n  of i o n s  near  the  cometary nuc leus .  (Author)  
49. 8. I. Cherednichenko 
TTZ DISSOCIATION ANI2 I O N I Z A T I O N  OF COQIZTA3Y !4('LZCULE I N  THE ?HOTON MJD 
CO?PTJS3JLAR FIELD OF SOLAR RADIATION 
Astron. Zh. - 36, 254 (1959) 
An a t tempt  i s  made t o  determine the  l i f e t i m e s  of prechosen cometary 
molecules  under  bombardment bj photon and corpuscular  s o l a r  r a d i a t i o n .  
50. V. I. Cherednichenko 
LVYTIME OF COMZTARY ICES I N  THE FI3LD 07 PHOTON ATVD CORPU3ClILAR SOLAR 
RADIATION 
K e t e o r i t i k a ,  Akad. Nank. SSSR, K o m i t e t  Meteor i t .  No. 19, lk3-54 (1960) 
A more complete d e s c r i p t i o n  is  given for t h e  c a l c u l a t i o n  of t h e  l ifetimes 
o f  assumed cometary molecules  under t h e  i n f l u e n c e  of photon and co rpuscu la r  
r a d i a t i o n .  
51. Yu. V. Evdokimov 
140TION OF TI1 2 c J $ ' C O R I N I - Z I N ~ \ E X  C O h f T  TRO:4 1933 TO 1946 
Sov. Astron. 7, 415 (1963) - Astron. Zh. 40, 544 (1963) 
The o r b i t a l  e lements  of t h e  Jacobini-Zinner  comet are cornputed from 
o b s e r v a t i o n s  made of t h e  1933 and 1939 a p p a r i t i o n s  and t h e  1939 and 1946 
a p p a r i t i o n s .  
- -
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52. V. V. Yevdokimov 
A S S ~ S  OF cr (13 GIACOBIFI-ZINNER 4 TJ r1-I 3 DRACONTII NPEOR STREXVI 
Smithsonian Cont r ibu t ions  t o  Astrophysics ,  Vol. 7, pp. 297-299, Srnithsonian 
I n s t i t u t i o n  Ast rophys ica l  Observatory,  Washington, D. C., 1963 
N63-16664 
The change i n  t h e  mass and motion of Comet Giacobini-Zinner  i s  assessed  
and r e l a t e d  t o  t h e  Draconid meteor stream. 
53. V .  Fessenkov 
A N O T 3  ON THE CCiMETARY NATURZ OF THE TUNGUS I"ETEOR1TES 
Srnithsonian Cont r ibu t ions  t o  Astrophysics ,  Vol. 7, pp. 305-308, Smithsonian 
I n s t i t u t i o n  Ast rophys ica l  Observatory,  Washington, D. C., 1963 
N63-16664 
The f a l l  of t h e  Tungus m e t e o r i t e  i s  analyzed wi th  ev idence  given t o  suppor t  
t h e  t h e o r y  t h a t  it w a s  a small comet. 
54. S. K.  Vsekhsvyatskiy 
TZJE PQOBLMS ABOUT COMETS AND THE SOLAY SYSTEM 
T r a n s a c t i o n s  of t h e  Congress of t h e  All-Union Astronomic-Geodetic Socie ty ,  
CT;/SLA 63-19537 
MOSCOW, 1960, p ~ .  107-119 (1962) 
The t h e o r i e s  for t h e  o r i g i n  o f  comets and t h e  mechanism of t h e i r  format ion  
are reviewed. It i s  concluded t h a t  cornets and o t h e r  small bodies  permi t  
a n  e s t i m a t i o n  of t h e  anount  o f  m a t t e r  e j e c t e d  from p l a n e t s  and thus,  t h e  
s t u d y  of cornsts w i l l  allow t h e  h i s t o r y  of t h e  p l a n e t a r y  system t o  be 
e l u c i d a t e d .  
55. S. K .  Vsekhsvyatski  
ABSOLUTE Y9GI!TT7DES OF 1954-1960 COAETS 
Sov. Astron. 6, 349 (1963) - Astron. Zh. 39, 1094 (1962) 
The a b s o l u t e  magnitudes and photometr ic  parameters of 62 comets observed 
d u r i n g  1954-1960 are compiled from available photometr ic  and b r i g h t n e s s  
d a t a .  
- 
56. S. K. Vsekhsvyatski i  
ORSEWATIONS AT KIW OB C Q ~ T  SMI-LII~SS 1962 - Astron. Zh. 40, 176 (1963) SOV. Astron. 7 ,  133 (1963) -- 
The b r i g h t n e s s  of t h e  head of Comet  Seki-Lines 1962 coverin? t h e  e n t i r e  
a p p a r i t i o n  from b r i l  3 t o  iqay 6, 1962 i s  presented .  
57. B. Yu. Levin 
TI'? S T R U C T U U  OF I C Y  COPKT hTJCL31 
Sov. Astron.  6, 593 (1963) - Astron. Zh. 39, 763 (1962) 
A hypo thes i s  i s  proposed t h a t  t h e  subs t ances  of t h e  i c y  cometary n u c l e i  
are p r e s e n t  i n  t h e  form of s epa ra t e  atoms and molecules embedded i n  an 
amorphous noncoherent condensate  of d i f f e r e n t  v o l a t i l e  subs tances ,  and 
secondly,  t h a t  t h e  evapora t ion  of v o l a t i l e  subs tances  from t h e  nuc leus  
l e a v e s  a porous matrix, t h e  fragments  of which are  me teo r i c  p a r t i c l e s .  
- -
58. V. M. Yuzhakov 
REIARKS ON THY J I ~ G ~ J E T I C  FI3LD I N  THE TAIL OF THE COijFT 1957d 
Sov. Astron. 7, 591 (1964) - Astron. Zh. 40, 779 (1963) - -
The induc t ion  of t h e  magnetic f i e l d  i n  t h e  t a i l  of t h e  Comet Arkos 195'7d 
i s  determined from t h e  h e l i c a l  s t r u c t u r e  of t h e  f i e l d ,  and t h e  va lue  found 
was 5.10-6 G, wbich i s  less t h a n  t h e  i n t e r p l a n e t a r y  f i e l d  by a f a c t o r  of 
a m r o x i m a t e l y  ten .  (Author)  
59. D. 0. "Iokhnach 
F ? i C T  CF PHOTODISSOCIATION OW THY DISTRISLTION OF SURFACE SRIGETISESS I N  
DOH. AN SSSR, Astronomiya, Tom 157, No. 2 ,  309-312, I z d a t e l ' s t v o  "Naukal', 
1964 
T P 3  CtzriSCPr AT ~1cISPFIT:9 3 '^'P CO!L?TS 
ST-PA-10195 (K4SA) 
An a t tempt  i s  made t o  c o n s t r u c t  a s i x p l e  model of a carbon coma, cons ide r ing  
t h e  d e v i a t i o n  i n  t h e  d i s t r i b u t i o n  of s u r f a c e  b r i g h t n e s s  (l/r and l/r2) as 
observed i n  Comet Burnham (1959k). 
60. K.  A. S h t e i n s  and S. Ya. S t u r e  
T l E  DIPFUSIOPJ CY COMZTS 
Sov. Astron.  6, 398 (1962) - Astron. Zh. 39, 506 (1962) - - 
A s  P a r t  I V ,  t h e  problem of new comets i s  assessed i n  terms of d i f f u s i o n  
;?recesses. The s t u d y  concludes t h a t  t h e  s t a b i l i z a t i o n  of t h e  d i f f u s i o n  
p r o c e s s  invo lves  s e v e r a l  m i l l i o n  years. 
61. E. A. Dibai  
O R I G I N  C" SOIflTAW ~VYL.13 I1 
Tov. Astron. 7, 606 (1964) - Astron. Zh. bo, 795 (1963) 
T t  i s  shown t h a t  t h e  p r i n c i p a l  mord2oloyical c h a r a c t e r i s t i c s  of cometary 
nebulae  maTT b? r en resen ted  a s  t he  r e s u l t  of focusinp; of shock waves 
o r i F i n a t i n g  a t  t h e  i n t e r f a c e  between a co ld ,  dense n e u t r a l  gas  and an 
i o n i z e d  pas  i n  t h e  Stromgren zone. 
-
(Author) 
62. 0. V. Dobrovol 'skiy 
RADTO TQSSICN 'JFtO3 COXETS 
Bpi. i n - t a  A s t r o f i z .  AN Tadzh SSR, NO. 26, pp- 3-11 ( 1 9 5 8 )  
AD 264 497 
A rev iew of t h e  r epor t ed  r a d i o  emissions observed from comets and t h e  
t h e o r e t i c a l  mechanism o r  cause  of such emission i s  given. 
63. A. D. Dubyago 
STRUCTVR3 CF CCNXT ?J7CLEI AND FC)%"IUTIOn' G7 IGTEOR STREMS 
Astron.  Zh. - 27, 5 (1950) 
AD 120 694 
The s t r u c t u r e  of comet n u c l e i  i s  cons idered  as c o n s i s t i n g  of many s e p a r a t e  
s o l i d  bodies  of a q u i t e  l a r g e  s i ze .  
n u c l e i  can be es t imated  from t h e  p e r i o d i c  p rocesses  observsd i n  comets. 
The v e l o c i t y  wi th  which meteors  l eave  t h e  comet head i s  es t imated .  It i s  
concluded t h a t  t h e  meteor swarms a s s o c i a t e d  with p e r i o d i c  comets must 
o r i g i n a l l y  Pave a small e x t e n t  pe rpend icu la r  t o  t h e  p lane  of t h e  o r b i t ,  and 
t h a t  t h e  ra te  of propagat ion  of t he  swarm m y  be  eva lua ted .  
It i s  shown t h a t  t h e  d e n s i t y  of t h e  
64. V. G. Fesenkov 
f" THR nT,ZTT??P W D  O S I G I N  OF COW3l'S 
Sov. Astron. 6, 459 (1963) - Astron. Zh. 39, 5'83 (1962) - - 
Tn an  attemnt t o  d i scove r  t h e  o r ig in  of cornets, it i s  p o s t u l a t e d  t h a t  
skort-Deriod comets are generated from a p e r i o d i c  cornets, t h a t  cometary 
n u c l e i  c o n s i s t  of comDact agglomerat ions of  f a i r l y  u n s t a b l e  p a r t i c l e s ,  
t h a t  t h e  t o t a l  mass of a comet can he  e s t h a t e d  from t h e  b r i c h t n e s s  of t h e  
comets head and from r e a c t i o n  e f f e c t s  a t t e n d a n t  upon t h e  r o t a t i o n  of t h e  
head about  t h e  comets a x i s ,  and t h a t  t h e  d i s t a n c e  between t h e  component 
p a r t s  of t h e  nuc leus  i s  q u i t e  s h o r t .  I n  conclusion,  i t  i s  s t a t e d  t h a t  
such  compact c l u s t e r s  of uns t ab le  s p e c i e s  could not  p o s s i b l y  o r i g i n a t e  i n  
v o l c a n i c  e r u 2 t i o n s  from t h e  i n t e r i o r  of a p l a n e t .  
65. B. A. Vorontsov-Veltgaminov 
PARTIAL GAS DENSI'TIES IN COi4ET 1942g ITdIPPLE 
Sov. Astron. p. 674 - Astron. Zh. 37, 709 (1960) 
The p a r t i a l  gas  d e n s i t i e s  i n  Comet Nhipple are cornputed f ron  t h e  a b s o l u t e  
monochrornatic emission s p e c t r a  of t h e  CN 3883, C2 4730, and C3 4050 bands 
as determined by  r e f e r e n c e  t o  s t e l l a r  s p e c t r a .  
-
-15- 
A s tudy  of t h e  i n f r a r e d  s p e c t r a  of comets r e f u t e s  Swings i d e n t i f i c a t i o n  of 
t h e  ( r e d )  system of t h e  CN molecule and a s s i g n s  t h i s  emission t o  A2T-21 
system of t h e  N2' molecule.  




A summary of  S o v i e t  s t u d i e s  of comets covers  comet models, cometary 
phys ic s ,  and t h e  o r i g i n  and evo lu t ion  of comets. 
68. L. Riemann 
CCMFT T.4113 AYD SOLW, CORPIJSCTJLAR RAYS 
Z e i t s c h r i f t  f u r  Ast rophys ik  28-29, 274 (1950-51) 
T h e  a c c e l e r a t i o n  of l o n p  comet t a i l s ,  c o n s i s t i n g  of CC' and o t h e r  i ons ,  t o  
t b a t  vhi-ch exceeds t h e  g r a v i t a t i o n a l  a c c e l e r a t i o n  of t h e  sun i s  t h e o r i z e d  
t o  be produced by t h e  s o l a r  corpuscular  r a d i a t i o n  of t h e  sun. 
-- 
69. L. Bierman and 2. T r e f f t z  
uH:B DT% ilECEANIS>IEN DER IONISATION 
Z e i t s c h r i f t  fur Astrophgsik - 59, 1 (1964) 
The p o s s i b l e  mechanisms for t h e  e x c i t a t i o n  of t h e  fo rb idden  oxygen l i n e s  
i n  comets are d i scussed  along with t h e  p roduc t ion  b y  i o n i z a t i o n  of s u i t a b l e  
p a r e n t  molecules  which can account for t h e  observed emissions of C2, CN, 
and GO'. 
70. 3. Antrack, L. Bierman and Rh. L u s t  
501.13 STATISTICAL PRCPSRTISS OF CCIGTS XITH PLASLh4 TAILS 
Annual Review of Astronomy and Astrophysics ,  701. 2, p. 327, Annual Reviews, 
Inc . ,  P a l o  Alto,  C a l i f o r n i a ,  1964 
The r e p o r t  surveys  
i n  a s tudy  of t h e  s o l a r  plasma through i t s  e f f e c t s  on t h e  p l a sma- t a i l  
comets. 
t h e  r e s u l t s  ob ta ined  from t h e  obse rva t ions  of comets 
-16- 
A b r i e f  sumniary of t h e  general- problems r a i s e d  by new s p e c t r a l  d a t a  i s  
presented  i n  o r d e r  t o  p o i n t  ou t  c e r t a i n  unacceptab le  p h y s i c a l  t h e o r i e s  and 
t o  o u t l i n e  o b s e r v a t i o n a l  procedure which may serve t o  p rov ide  b e t t e r  
m d e r s t a n d i n g  of cometary phenomena. 
72. N. T.  Robrovnikoff 
Old THE SPGCTRA OF C@I/IZTS 
As t rophys ica l  J o u r n a l  - 66, 439 (1927) 
The s p e c t r a  of 22 comets obtained between 1908 and 1927 are  analyzed.  
c o r r e l a t i o n  i s  drawn between t h e  h e l i o c e n t r i c  d i s t a n c e  and t h e  t y p e  of 
cont inuous s p e c t r a  and between t h e  phase-angle and t h e  t D e  o f  s p e c t r a .  
Sudden changes i n  t h e  s p e c t r a  a r e  d i scussed  and rzasons  i n  suppor t  of a 
f l u o r e s c e n c e  o r i p i n  of cometary s p e c t r a  are given. 
A 
73. J .  A. Bruwer 
?I 1 CTOGMPE: IC C9SZRVATIOIiS OF C0,";TS 
Circulars 2, 20 (1963) 
T h e  Dhotographic obse rva t ion  of Comets Seki-Lines 1962c, Ternple 2, and 
Fumason 
p o s i t i o n .  
1961e i s  t a b u l a t e d ,  l i s t i n g  d a t e  of observa t ion ,  magnitude, and 
714. A. J .  Cohen 
AST FtOTD- CR T"Tl3T-Ti P A C T  IIYPCTI-rSSIS C'F TSKTIT3 PRIGTTd : TI13 I'ICLQAVITE 
3TR Z,TPl-T.TLDS 
T e k t i t e s ,  pp. 189-212, The Un ive r s i ty  of Chicago P r e s s ,  Chicago, Ill., 
1963 
N64-1L934 
Arguments are p resen ted  i n  support  of t h e  comet-impact t e r r e s t r i a l  o r i g i n  
of t e k t i t e s .  
75. R. Coutrez,  J .  Hunaerts and A. Koeckelenbergh 
R4DIO ElYISSIOI\J ?ROK CCMZT 1956h ON 600 iqC 
Proc.  I R Z  - 46, 274 (1958) 
An at tenlpt  i s  made t o  i d e n t i f  
o f  t h e  l e v e l  J = 3/2 f o r  t h e  '7Tj/2 s t a t e  of t h e  GI-I molecule.  
the emission as due t o  a A- type doubling 
-17- 
76. J. Dufay and A. Raranne 
LE SPYCTRE DE LA CP 4 T'n; 7dJLSCN-F7TP3ARD (1961d) 
Any d '  Astrophys. 25, 301 (1962) 
The s p e c t r a  of Nay NH2, C2, and CN as recorded p h o t o g r a p h i c a l l y a r e d i s c u s s e d  
and explained.  
-
77. V. C. Er ickson  and P. Brissenden 
A SrAQCH FOY D ~ C A P I Z T ~ ~ T S  MDIATI2N 7ROM THE CCIAZT '4ILSON 1961d 
A s t r o p h y s i c a l  J o u r n a l  - 136, 1138 (1962) 
A s e a r c h  for decametr ic  r a d i o  emission from Comet Wilson made by Clark  Lake 
r a d i o  astronomy s t a t i o n  r e p o r t s  d e f i n i t e  n e g a t i v e  r e s u l t s .  
78. F. H. Flynn 
IN'T'FFSE TAR-WD 384 'SSICN FROM CMET CANDY (1960n) 
Observatory _. 81, 247 (1961) 
The o b s e r v a t i o n  of r e d  emission near 7900 and 31002 i s  t e n t a t i v e l y  ass igned  
t o  CN. 
79 .  C. C. Kiess 
9?!X3JT ADVRNCZS IV ASTRO-GZOPHYSI CS 
Georpetown Col lege  Observatory,  Seorgetown [ Jn ive r s i tg ,  Yashington, D. C., 
1964 
~~61~-15286 
A br ief  lecture p r e s e n t s  a genera l  d e s c r i p t i o n  of  comets and t h e  r o l e  t h e y  
pla;r i n  t h e  s t u d y  of t h e  formation of  t h e  s o l a r  system. 
80. W. L i l l e r  
'FEZ NATUR3 CF TE!';: GRAINS 13 THS TATLS OF COPIZTS 1956h AND 19!3'7d 
A s t r o p h y s i c a l  J o u r n a l  132 967 (1960) -' 
Continuous s p e c t r a  between A 3400 and a6400 obta ined  from o b s e r v a t i o n s  of 
t h e  t a i l s  of Comets Arend-Roland (1956h) ana Wkos  (1957d) are compared 
w i t h  t h e o r e t i c a l  l i g h t  s c a t t e r i n g  curves.  
s p h e r u l e s  of an average  diameter  of 0 . 6 ~  and inasses of 8 x 10-13g produced 
t h e  r a d i a t i o n .  
estimates t o  be liiade of t h e  t o t a l  masses of t h e  p a r t i c l e s .  
Results i n d i c a t e  t h a t  i r o n  
Cons idera t ions  of t h e  b r i g h t n e s s e s  of t h e  t a i l s  a l l o w  
81. \J. L i l l e r  
F'?OTC, KLTCTQIC RICT('CY7TRY p7 CCi4VS 
Astronomical  J o u r n a l  66, 372 (1961) 
-4 descr ipt , ion i s  r i v e n  of narrowband p h o t o e l e c t r i c  ?hotometry of Comets 
-
Arend-Roland (1956h), Hrkos (1957d), Encke, and Burnham (1959k) The 
o b s e r v a t i o n s  a r e  s m a r i z e d  i n  three p a r t s  d e a l i n g  w i t h  head s p e c t r a ,  t a i l  
s p e c t r a ,  and monochrornatic i s o p h o t a l  contours  of Comet Burnham. 
82. R. A. L y t t l e t o n  
A COL.IETA~-Y NECHANIST4 FOR THZ FCHAATIOW OF TSKTITES 
Proc. Roy. SOC. A 272, 467 (1963) -- 
The format ion  o f  t e k t i t e s  i s  t h e o r i z e d  t o  be  caused by shor t -per iod  comets 
which have a n  e c c e n t r i c i t y  small enough t o  a l l o w  t h e  a c c r e t i o n  of cometary 
material t o  occur d u r i n g  t h e  passage of t h e  e a r t h  through t h e  comet and 
t h u s ,  produce a narrow j e t  of material  f a l l i n g  ver t ica l ly  downward through 
t h e  atmosphere . 
83. 3. A. L y t t l e t o n  and J. Y. Hammersley 
' r m  LCSS cp LONG-PTRTOD CGMZTS  OM TIP,  SOL^^^?. SYSTEM 
Yonthly Not ices  of t h e  Royal Astronomical S o c i e t y  127 2.5'7 (19611.) -, 
T b e  loss of long-period comets from t h e  s o l a r  system by p l a n e t a r y  a c t i o n  
i s  es t imated  s t a t i s t i ca l ly .  
34. B. G. Ilarsden avld G. van Biesbroeck 
TiTZ ORRIT CtF C O , E T  19441 (van GENT-? 3 L T I E R - D A I d G A )  
Astronomical J o u r n a l  65 , 23.5 (1963) 
A hj9erboli .c o r b i t  of t h e  Comet 19441, f irst  observed i n  1943 by Gent, i s  
determined from p o s i t i o n s  covcring a 57-day arc. 
-
85. G. van Biesbroeck and B. G. Xarsden 
O3.SIT OF COWT 1954V (ARELL) 
Astronomical  J o u r n a l  68, 212 (1963) 
From 34 o b s e r v a t i o n s  nade a year a f t e r  t h e  comet had a t t a i n e d  i t s  p e r i -  
h e l i o n ,  it i s  c a l c u l a t e d  t h a t  t h e  h y p e r b o l i c  excess of t h e  o s c u l a t i n g  o r b i t  
i s  1 9  t imes i t s  nean e r r o r ,  b u t  t h a t  t h e  " o r i g i n a l "  o r b i t  was e l l i p t i c a l .  
-
86. A. :qcKellar 
SC'JlE TOPICS IN YOLECITL!! 9 ASTRONOMY 
J .  30y. Astron. SOC. Canada 54, 97 (1960) -
S p e c t r o s c o p i c  s t u d i e s  of molecules i n  v a r i o u s  as t ronomica l  bodies  are 
reviewed. 
-19- 
87. A. A?cXel.lar 
INTZNSITY LG?STJRU~HJTS OX E,4 iSSI0I.I BANDS IN CCIWI"I'YY S1ECTRA 
Rev. 14od. Phys. 14, 179  (1942) -
I n t e n s i t y  measurements on t h e  bands i n  t h e  s p e c t r a  of Comet Jurlof-Achmarof- 
Hassel (1939d) and Comet Cunningham ( 1 9 4 0 ~ )  are p r e s e n t e d  i n  one of t h e  
first r e p o r t s  on t h e  q u a n t i t a t i v e  spec t rophotometry  of cornets. 
mechanism of t h e  e x c i t a t i o n  of t he  CN, C2, and CH cometary bands i s  cons idered  
i n  t h e  l i g h t  of such  measurements. The resonance-f luorescence mechanism 
a p p a r e n t l y  accounts  f o r  t h e  product ion of CN emission bands. 
The 
I 88. A. Y'IcKellar 
CP:/TPAPISCIN OF' TITE A 3883 CN BAYD I N  T I E  S?YCTRA CF GC'ZQX'S 1 9 4 0 ~  AND 1942g 
AstroDhysical  J o u r n a l  100, 69 (1944) 
Differences i n  t h e  s t r u c t u r e  of t h e  h 3883 (0,O) CN band as observed i n  t h e  
s p e c t r a  of CoTet Cunningham ( 1 9 4 0 ~ )  and Comet Vhipple-Fedtke-Tevzadze 
( l 9 ) ~ 2 g )  are noted  and discussed i n  terqs  of t h e  resonance product ion  of 
t h e  bands and t h e  e f f e c t s  of t h e  d i f f e r e n t  h e l i o c e n t r i c  d i s t a n c e s  and 
r a d i c a l  v e l o c i t i e s  of tke  comzts. 
-
89. A. IJTciiellar 
A s t r o p b y s i c a l  J o u r n a l  98, 1 (1943) 
d i s t r i b u t i o n  of t h e  r o t a t i o n a l  l e v e l s  of t h e  upper  2 A  s t a t e  i s  found. 
Assuming t h e  resonance mechanism f o r  t h e  p r o d u c t i o n  of t h e  band, t h e  
d i s t r i b u t i o n  among t h e  r o t a t i o n a l  l eve ls  of t h e  normal 277 s ta te  i s  
der ived .  The r e s u l t s  i n d i c a t e  t h a t  all t h e  molecules  exis t  i n  t h e  two 
lowes t  r o t a t i o n a l  levels ,  K = 1 and K = 2. 
From t h e  observed p r o f i l e  of t h e  A 4315 2 A ,  77 CH band i n  t h e  comet, t h e  
90. F. D. Miller 
FILTSRS FOq CCY T PFOTOGMPHY 
Pub. Astron.  3oc. ?ac. 70, 279 (1958) 
The a n a l y s i s  of several  components of t h e  s t r u c t u r e  of a comet by means of 
d i r e c t  photography w i t h  s u i t a b l e  e m u l s i o n / f i l t z r  combinations is  i l l u s t r a t e d  
w i t h  r e s u l t s  ob ta ined  from t,he observa t ion  of Comet lrrkos 1957d. 
- 
91. q. D. !(iller 
TU? TYP7 T TAIL (7F SPIV,T 19SSe 
Pub. Asfyron. SOC. Pac. 74, 60 (1962) 
k t e n d e d  a n a l y s i s  of observat ions made of Cornet Nrkos (195'Se) p r e s e n t s  two 
p r e v i o u s l y  unobserved bands of cO+ a t  A 6 1 5 9  and 6239 and a n  u n i d e n t i f i e d  
e m i s s i o n  n e a r  A6600. The e x i s t e n c e  of t h e  comet 's  well-developed Type-I 
t a i l  observed a t  a h igh  h e l i o g r a g h i c  l a t i t u d e  i n  a p e r i o d  of comparative 




92. v. D. T J i l l e r  
V?J:TTI7T-PSIS ??P7CTT7,CGR'<TT 07' :Clf T HUMASON (1961e) 
Tub. Astron. SOC. Pac. 74, 523 (1962) 
Analys is  of f o u r  objec t ive-pr i sm spectrograms of Comet Humason (1961e) i s  
given.  Bands of n e u t r a l  molecules such as CM and C 2  were not found i n  t h e  
s p e c t r a .  The (l,O), ( 2 , 0 ) ,  and ( 3 , O )  GO+ t a i l  bands appeared superimposed 
on a continuum. 
-
93. F. D. I"filler 
iNOT3 ON THE SPSCTRTM OF C C l m T  I K J Y A  (1963a) 
As t rophys ica l  J o u r n a l  139, 766 (1964) 
Uniden t i f i ed  emission a t  A 6158, 6199, 6542, and 6562 observed i n  t h e  
s p e c t r a  of Comet Ikeya (1963a) i s  r e p o r t e d  and F o s t u l a t e d  t o  be due t o  
i o n s  . 
-
94. N. 5'. Walker 
PRS!3RVL4TICNS 9F C"MTS R4IIFIAR~-lvlacF4~Lrl~aD-KEli~KS, 1955f , ATJ9 RAADG, 195'4h 
Pub. Astron. SOC. Pac. 70, 1 9 1  (1958) 
The r e s u l t s  of t h ree -co lo r  Dho toe lec t r i c  obse rva t ions  obta ined  i n  1955 a t  
t h e  Yount ?di lson and  Palomar Observa tor ies  a r e  r epor t ed .  
L
95. F. L. 'rrbipDle 
A r,risq 'CPX,. I. TIT .mxmurIv OF v i r T  WKE: 
As t roohgs ica l  J o u r n a l  111, 37" (1950) 
A c o m t  node1 i s  pro?osed, i n  which t h e  nucleus i s  v i s u a l i z e d  as a 
conglomerate of i c e s ,  " v o l a t i l e s , "  and ?ne teor ic  materials combined a t  
ex t remely  low tempera tures .  The model r e s o l v e s  t h e  ch ie f  problems of 
cometary n o t i o n s  and accounts  f o r  a number of o t h e r  cometary 3henomena. 
-
96. F. L. Whipple 
A COt4FT idiOD,%. 11. PHYSICAL EI3LAI'IONS FCR CGd2;TS AND YETXGRS 
As t rophys ica l  J o u r n a l  113, 464 (195'1) 
The l o s s  of gaseous and meteor ic  m a t e r i a l s  from t h e  nucleus i s  cons idered  
i n  terms of t h e  comet's s t r u c t u r e  and compared w i t h  p rev ious  obse rva t ions .  
-
97 .  F. I,. 'dhipple 
A C O M g  PIODSL. 111. THE ZCDIACAT, LIGHT 
As t rophys ica l  J o u r n a l  1 2 1 ,  750 (1955) -
An a t t e n p t  i s  made t o  exp la in  the  occurrence  of t h e  zodiaca l  l i p h t ,  which 
-21- 
I .  
a r i s e s  from t h e  s c a t t e r i n g  and  d i f f r a c t i o n  of s u n l i g h t  b y  s m a l l  p a r t i c l e s ,  
b r  t h e  Dos tu l a t ion  of a comet node1 which can account  f o r  t h e  replenishment  
of t h e s e  p a r t i c l e s  by  e j e c t i o n  or d i s i n t e g r a t i o n  by  comets. 
98. F. L. Whipple 
PROBLEiG CF TIIE COPETARY NUCLEUS 
Astronomical J o u r n a l  66, 375 (1961) -
The i c y  model i s  examined c r i t i c a l l y  through a p r e s e n t a t i o n  of t h e  r e l e v a n t  
o b s e r v a t i o n a l  and t h e o r e t i c a l  evidence of i t s  e x i s t e n c e  and na ture .  
P9. F. Whipple 
R YLARKS 01: C C I ~ F ~ ' S ,  !Xi'Z@C\RS, XKD P i 4 i T T A F I  XVOLlJTICN 
Sv i thson ian  Ast rophys ica l  Observatory,  Harvard College Observatory,  
'ai:ibridge, Aass. 
r\J64-214771 
A d i s c u s s i o n  of comet accumulation i n  t h e  o u t e r  p a r t s  of t h e  s o l a r  system 
i s  oresented .  
100. C. Iddhitney 
Cc)i ZZT i7TJT?3STJRSTS 
As t rophys ica l  J o u r n a l  122 , 190 (1955) 
S e v e r a l  comet o u t b u r s t s  accompanied by t h e  e j e c t i o n  of s p h e r i c a l  h a l o s  are  
i n v e s t i g a t e d .  S p e c i a l  a t t e n t i o n  i s  paid t o  t h e  mass and energy e j e c t e d  i n  
a t y p i c a l  halo.  On t h e  b a s i s  of t h e  r e s u l t s ,  i t  i s  sugpested t h a t  t h e  
energy o f  an o u t b u r s t  may be der ived  from norma l inso la t ion ,  The a c t i v i t y  
can p o s s i b l y  be expla ined  i n  t e r w  of t h e  icy-conglomerate cornet nucleus.  
(Author ) 
-
101. A. A. Wyller 
C P H I L L I P S  RAVDS I N  9..IIISICN FROiiI CCIGT CANDY (1960n)? 
06se rva to ry  - 82, 73-5 (1962) 
It is sugges ted  t h a t  t h e  h 7906 and 
Candy may b e  due t o  t h e  infrared C2 ? h i l l i p s  system ( 'Tu  = 'E g'). 
3106 emission observed from Comet 
102 .  FI. Zans t ra  
T E E  TSCIT4TICTT F' IAI~!3 A'KI SARD S3XCcTRA I N  CC;LETS BY S'JIKCGHT 
?on th ly  Not ices  of t h e  Royal Astronomical S o c i e t y  $9, 178 (1928) -
The l i n e  a n d  band m e c t r a  observed i n  t h e  head of a comet are theo r i zed  t o  
b e  produced by t h e  abso rp t ion  of s u n l i g h t  and subsequent  resonance  o r  
f l u o r e s c e n c e  r e-emission . 
-22- 
103 . CCjTETASY TAILS 
Defense Documentation Center,  Cameron S t a t i o n ,  Alexandria ,  Va. , July 1962 
ARB No. 10857 
A b i b l i o g r a p h y  of 29 r e p o r t s  d e a l i n g  wi th  o b s e r v a t i o n a l  and l a b o r a t o r y  
i n v e s t i g a t i o n s  of comets . is  offered.  
104. H. Alfven 
Old TH3 TJIZORY OF CO:?3T TAILS 
T e l l u s  IX, 92 (1957) - 
It i s  shown t h a t  some of t h e  d i f f i c u l t i e s  of Biermann's t h e o r y ,  which 
? o s t u l a t e s  t h a t  t h e  r e p u l s i v e  f o r c e  i n  comet t a i l s  i s  due t o  a c o r p u s c u l a r  
r a d i a t i o n  from t h e  sun, can b e  overcome i f  t h e  assurled r a d i a t i o n  c o n s i s t s  
of beams wi th  a f r o z e n - i n  magnetic f i e l d  of t h e  saxe t y p e  as r e q u i r e d  i n  
t h e  e lec t r ic  f i e l d  t h e o r y  of magnetic s torms  and aurorae .  The i n t e r a c t i o n  
of such  a bea7 w i t h  t h e  head o f  a cornet could produce an a q p l i f i e d  magnetic 
f i e l d  which determines t h e  shape o f  t h e  t a i l .  
observed i n  t a i l s  nay be due t o  e lec t romagnet ic  Porces.  
The h igh  a c c e l e r a t i o n s  
105. D. B. Beard and Y. P. Nakada 
Nat,ure - 199, 590 (1963) 
I n  e x p l a n a t i o n  of t h e  format ion  o f  cometary t a i l s ,  it i s  poin ted  c u t  t h a t  
t h e  gases  i n  cometary comae can be  eff ic ient l ; .  i o n i z e d  by a solar wind of 
i o n i z e d  hydrogen embedded i n  a magmetic f i e l d ,  and t h a t  a n  i n t e r p l a n e t a r y  
magnet ic  f i e l d  can couple  t h e  cometary gas  t o  t h e  s o l a r  wind. 
w r - p x , A w . : T A v  WYJ PIC  ?ITLLT>S AS 4 CAIJYT CF SCUT TATLS 
106. T. Carr ington  
FLTICSYSCZIJCE 11' CO,."I"?TS AS A P'A'dKOV PAOCESS 
A s t r o p h y s i c a l  J o u r n a l  13.5, 883 (1962) -
The f l u o r e s c e n c e  mechanism f o r  the emission of e l e c t r o n i c  s p e c t r a  of 
d i a t o m i c  r a d i c a l s  i n  comet heads, as progosed by  Swings and i h n a e r t s ,  i s  
t r e a t e d  s t a t i s t i c a l l y  and coinpared w i t h  p r e v i o u s  l e s s - r i g o r o u s  c a l c u l a t i o n s .  
107. F. Hoyle and M. fiarwit 
PLAS\._A DyhrR;/IICS IN CC?IW,TS. I. PLhSiviA INSTABILITY 
A s t r o p h y s i c a l  J o u r n a l  135, 867 (1962) 
An attempt i s  made t o  f i n d  a mechanism c c n s i s t e n t  x i t h  R i e r n a n ' s  t h e o r y  
t h a t  t a i l  i o n s  a r e  a c c e l e r a t e d  throuph i n t e r a c t i o n  wi th  streams of s o l a r  
n a r t i c l e s .  T h e  f i e l d - f r e e  case  is  examined i n  an e f f o r t  t o  e s t a b l i s h  
c o n d i t i o n s  for which cometary n l a s n a  a c c e l e r a t i o n  may be enhanced by $asma 
i n s t a b i l i t y .  
a o p r e c i a b l y  c o n t r i b u t e  t o  t a i l  dasma a c c e l e r a t i o n .  
-
From t h i s  it i s  concluded t h a t  plasma i n s t a b i l i t y  does n o t  
-23- 
. .  
109. ]\I. Harwit and F. Hoyle 
PLASYA DYN24'~TTCS IN SC14?TS. 11. IIVTLlJTNCE C? N A G i m T I C  FIXLDS 
Astrophys ica l  J o u r n a l  - 135, 875 (1962) 
I n  a n  a t tempt  t o  f i n d  a mechanism c o n s i s t e n t  w i t h  Bierman's theory ,  it i s  
shown t h a t ,  i f  predominant ly  transverse magnet ic  f i e l d s  are imbedded i n  
t h e  s o l a r  stream, t h e  observed a c c e l e r a t i o n s  can be readily iinparted t o  
t a i l  ions .  The 10 km s e c - l  e j e c t i o n  v e l o c i t i e s  f rom comet heads and t h e  
f i l a m e n t a r y  s t r u c t u r e  of many comet features are accounted f o r .  O b s e r v a t i o n a l  
tests f o r  t h e  t r a n s v e r s e  f i e l d  hypothesis  are suggested.  
109. C. R. O ' D e l l  
EXISSION-BAND AND CONTINUUM PHOTOI~ETRY OF C O i ~ l T '  BURNHAPI, 1959k 
Pub. Astron. SOC. Pac. - 73, 35 (1961) 
Two i n t e r f e r e n c e  f i l t e r s  were used t o  observe t h e  continuum around h 4470 
and t h e  C2 Swan band sequence near A4700. 
i n f o r m a t i o n  on t h e  v a r i a t i o n  of s u r f a c e  b r i g h t n e s s  w i t h  d i s t a n c e  from t h e  
nucleus,  on changes i n  t h e  comet w i t h  t i m e  and h e l i o c e n t r i c  d i s t a n c e ,  and 
t h e  d i s t r i b u t i o n  of t h e  m a t e r i a l  r e s p o n s i b l e  f o r  t h e  band or continuum 
emission.  
The d a t a  obta ined  i n c l u d e s  
110. D. 3. Csterbrock  
A STUDY rq TW cwv TAILS 
A s t r o p h y s i c a l  J o u r n a l  128, 95 (1958) 
I h o t o g r a p h i c  o b s e r v a t i o n s  of t h e  d i r e c t i o n s  of t h e  t a i l s  of Comet Saade 
(19SI~h)  and Comet Haro-Chaviro (195Lk) i n d i c a t e  t h a t  t h e  t a i l  l i e s  i n  t h e  
o r b i t a l  Dlane rouphly midway between t h e  r a d i a l  and t a n g e n t i a l  d i r e c t i o n s .  
A n a l y s i s  of t h e  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  material  i n  t h e  t a i l  must 
be s u b j e c t e d  t o  a r e s i s t i n g  f o r c e  r o u g h l y  e q u a l  t o  t h e  rad ia l  r e p u l s i v e  
f o r c e  of t h e  sun, t h a t  t h i s  r e s i s t i n g  f o r c e  can be caused by t h e  i n t e r -  
p l a n e t a r y  gas  if t h e  t a i l  conta ins  a l a r g e  f r a c t i o n  of hydride molecliles, 
and t h a t  t h e  p o s s i b i l i t y  t t e  t a i l  c o n s i s t s  of s o l i d  p a r t i c l e s  small i n  
comparison wi th  t h e  wavelength o f  l i g h t  can n o t  be r u l e d  out .  
-
111. C.  R. 0 'Dell  and D. E. Osterbrock 
EMISSION-BAND 4IJE CCNTINUUA PHOTO~4Z"RY OF COiLITT SEKI (1961f ) 
A s t r o p h y s i c a l  J o u r n a l  - 136, 559 (1962) 
C2 d e n s i t i e s  are o b t a i n e d  from p h o t o e l e c t r i c  measurements of t h e  continuum 






J. A. O'Keefe and B. N. Shute  
O R I G I N  OF TTKTITES 
Science  - 139, 1288 (1963) 
It i s  shown from t h e  observed d i s t r i b u t i o n  of t e k t i t e s  t h a t  t h e y  can n o t  
be t h e  r e s u l t  of cometarlr o r  m e t e o r i t i c  impact b u t ,  r a t h e r ,  can be  accounted 
f o r  a s  a r e s u l t  of f u s i o n  s t r i p q i n g  of a s a t e l l i t e .  
E. J. 6pik  
The I r i s h  Astronomical J o u r n a l  6, 93 (1963) 
PFTCTO ITTRY, DT'YTNSIONS,  AT^ ARLATION os c m m  
- 
S o n s i d e r i n g t h e p e c u l i a r i t i e s  of l i k h t  d i s t r i b u t i o n  i n  t h e  coma, i t  i s  
estimated t h a t  t h e  b r iph tness  of comets v a r i e s  i n v e r s e l y  as t h e  f i r s t  
power of d i s t a n c e  from t h e  observer  i n s t e a d  of t h e  t r a d i t i o n a l l y - u s e d  
second power. 
comets, making t h e i r  cons t ruc t ion  p r o h i b i t i v e .  The sudden appearance of 
r a d i c a l s  and i o n s  i n  cometary envelopes i s  s a i d  t o  p o i n t  t o  an a c t i v e  
s h e l l  o r  r a d i a t i o n  b e l t  surrounding t h e  nucleus.  Formulae f o r  a b s o l u t e  
magnitudes and photometr ic  r a d i i  of comets are g iven  and confirmed by 
r e c o i l  r a d i i .  These are seen  t o  be  much smaller t h a n  t h e  dimensions of 
" f a l s e  n u c l e i "  observed t e l e s c o p i c a l l y .  The t o t a l  evapora t ion  ra te  o f  t h e  
n u c l e a r  i c e s  i s  e s t ima ted ,  and t h e  luminescent  r a d i c a l s  (e2, CN) and i o n s  
(eo+) are r e p o r t e d  t o  account  f o r  a lmost  one p e r c e n t  of t h e  t o t a l  gaseous 
mass. 
o f  d i f f e r e n t  v o l a t i l i t y  i s  discussed.  From molecular  weight and 
cosmogonic cons ide ra t ions ,  i t  i s  t h e o r i z e d  t h a t  s o l i d  hydrogen i s  an 
impor t an t  c o n s t i t u e n t  of t h e  nuc le i .  The mechanism of o u t b u r s t s  i s  s a i d  
t o  be a sudden i n c r e a s e  of t h e  evaporat ion a r e a  caused by shake-off of 
c louds  o r  f ragments .  
based on new formulae,  i s  suggested.  
This  i s  p o s t u l a t e d  t o  be of major importance f o r  a r t i f i c i a l  
The l a y e r e d  mechanism of s imultaneous evapora t ion  of c o n s t i t u e n t s  
The r e v i s i o n  of t h e  photometr ic  parameters  of cornets, 
E. J .  Opik 
U n i v e r s i t y  o f  Yarvland Yimeo, 59 p3., 1961 
S'WJTVAL f'7 C O ' T  tTTJCLGI ANT) TH? -\ST3t@IOS 
The a r t i c l e  cons ide r s  t h e  dynamic  s u r v i v a l  of comets and o t h e r  stray bod ies  
i n  encounters  with p l a n e t s  i n  an e f f o r t  t o  uncover by s t a t i s t i c s  any 
p o s s i b l e  g e n e t i c  l i n k  between comnts and a s t e r o i d s .  
E. J. 6pik  
;TOTE CIV STELL 1R P3RTIJRBATIOPJS OF NEAizLY PAtUBOLIC ORBITS 
Proc.  h e r .  Acad. Arts and Sciences 67, 169 (1932) -
The e f f e c t  of ?a s s ing  stars on t h e  s t a b i l i t y  of t h e  o r b i t s  of meteors and 
comets i n  t h e  s o l a r  system i s  assessed  i n  a s t a t i s t i c a l  cons ide ra t ion .  
- 25- 
116. 3. J .  Opik 
THE S?IKE OF C @ M n  AR3ND-ROLAND 1956h 
The I r i s h  Astronomical J o u r n a l  5, 37-50 (1958) - 
The s p i k e  of Comet Arend-Roland is d i scussed  and i n t e r p r e t e d  t o  be a 
"sgnchromett c o n s i s t i n g  of d u s t  p a r t i c l e s  of d i f f e r e n t  r a d i i  r e l e a s e d  i n  an 
o u t b u r s t  which l e f t  t h e  nuc leus  in s t an taneous ly  devoid of a l l  v o l a t i l e  
material. 
117. E. J .  Opik 
T K 2  [JOTION OF THE CONDEIJSATION I X  THE TAIL OF HALL3Y'S COXJ3T J U N E  5-8, 1910 
Z e i t s c h r i f t  f u r  Rstrophysik 58, 192 (1964) -
The observed n o t i o n s  of t h e  condensat ion i n  H a l l e y l s  comet a re  found t o  
a g r e e  wi th  t h a t  of  h y o p t h e t i c a l  rays  c a l c u l a t e d  from t h e  observed behavior  
of r a y s  i n  Type-I dasma t a i l s .  
o f f e r  a c l u e  t o  t h e  unders tandine  of t h e  evo lu t ion  and metamorphosis of 
t h e  observed rag emission i n  comet t a i l s .  
It i s  s u g e s t e d  t h a t  t h i s  analogy may 
118. D. 11. Qobey 
A TTTd YIODTL "OR COMF,TS--THT COLD, PAqTIALLY ZONDEYTSED, ''rAGNETIZZD ?LASXA 
J. A s t r o n a u t i c a l  Sc iences  9, 41 (1962) 
A s t u d y  of t h e  gene ra l  p r o p e r t i e s  of comets p r e s e n t s  t h o s e  c h a r a c t e r i s t i c s  
which sugpes t  t h a t  a comet 's  nucleus may be surrounded by and a t t a c h e d  t o  
a magnetized plasma. T h i s  theory  i s  used t o  p o s t u l a t e  a formula f o r  coma 
c o n t r a c t i o n  and i s  a l s o  app l i ed  t o  comet ou tbu r s t s .  The c o n t r a c t i o n  is  
b e l i e v e d  t o  be  caused by  t h e  s o l a r  wind which may, du r inp  p e r i o d s  of solar 
f l a r e ,  cause a sudden c o n t r a c t i o n  t o  e f f e c t  a cornet ou tbu r s t .  
- 
119. G. J. Szasz and S. F. S i n g e r  
SKJIPOSIUM ON THE PYYSTCS OF COT4ETS AND i4ZTEORS 
O f f i c e  of Naval Research, London, November 18, 1952 
AD 382 
An account  of a r ecen t  Liege symposium inc ludes  d i s c u s s i o n s  of t h e  spec- 
t r o s c o p y  of comets, t h e  s t r u c t u r e  of t h e  head and t a i l ,  and t h e  o r i g i n  and 
e v o l u t i o n  of comets . 
120. K. khirm 
THT TTLTRAVIciLTT SOLAR SPSCTRIM P.?D COi4ETS 
Proceedings  of t h e  Tenth I n t e r n a t i o n a l  As t rophys ica l  Symposium, Liege, 
July 11-14, 1960 
AD 269 781 
The importance of t h e  i n t e r a c t i o n  of s o l a r  u l t r a v i o l e t  r a d i a t i o n  wi th  
coTe ta rv  a t n o m h e r e s  i.s assessed, concluding t h a t  i t s  a c t i o n  may be weak 
i n  co*qparison w i t h  t,be r o l e  o f  corpuscular  r a d i a t i o n .  
L .  
121. 
122. 




K. V u r m  
STRTJCTT,%Z ATYD D~VZLOPIV~T,WT 57' 7OoY 3TARY TAIL  
I-Iamburger S ternwar te ,  Hamburg-Bergedorf, Germany, :iarch 31, 196b 
AD 602 048 
A f i n a l  r e p o r t  on c o n t r a c t  ~ F 6 1 (  052)-5'83 p r e s e n t s  f i v e  s e p a r a t e  papers  
which dea l  w i th  t h e  s tudy  of t h e  s t r u c t u r e  and development o f  ion- type  
cometary t a i l s .  
New suppor t  i s  g iven  t o  t h e  theory  t h a t  t h e  i o n i z a t i o n  of cometary molecules  
i s  i n t r i n s i c  t o  t h e  cometary a tnospheres  themselves .  
i o n i z a t i o n  occurs  i n  a l i m i t e d  region i n  f r o n t  o f  t h e  nuc leus  and t h a t  t h e  
i o n s  are exge l l ed  i n  narrow rags wi th in  a small cone which i s  d i r e c t e d  
toward t h e  sun. Apparent ly ,  o u t b u r s t s  l e a d  t o  t h e  format ion  of a sh r ink ing  
p a r a b o l i c  envelope around t h e  nucleus,  which i s  accompanied by a c los ing - in  
o f  t h e  t a i l  rays t o  t h e  t a i l  axis. 
s t i l l  obscure.  
It is argued t h a t  t h e  
The t rue mechanism of i o n i z a t i o n  i s  
From t h e  ex tens ion  and s p h e r i c a l  shape of t h e  CN and C2 head 
u n i t  h e l i o c e n t r i c  d i s t a n c e  i s  der ived.  This  l ong  l i f e t i m e  exc ludes  
d e n s i t i e s  of p r o t o n s  i n  t h e  %alar wind," which exceed np = 10 crn-3. 
an average  
l i f e t i m e  of t h e s e  molecules  u n t i l  i o n i z a t i o n  of t h e  o r d e r  10 g' seconds f o r  
(Author)  
K. ' h r m  
BRIGh'TblESS AT'JD STRUCTIJRZ C!" THE NA-3'IISSION I N  COPlETS 
Hamburger S te rnwar t e ,  Hamburg-Bergedorf , Germany, March 31, 1964 
AD 604 048 
The s t r u c t u r e  of a Na-coma i s  inves t iga t ed .  
h igh  r e p u l s i v e  f o r c e  o r i g i n a t i n g  from l i g h t  p r e s s u r e  and a re la t ive ly  h igh  
ave rage  l i f e t i m e  of t h e  atoms, a t y p i c a l  p a r a b o l i c  shape t o  t h e  coma i s  
expected.  
I n  consequence of a re la t ive ly  
Hamburger S ternwar te ,  Hamburg-Bergedorf , Germany, &zch 31, 1964 
-4D 604 048 
T h e  axes of t h e  Type-I t a i l s  of comets  are de f ined  b y  t h e  d i r e c t i o n s  
( p o s i t i o n  anp le s  a t  t h e  nuc leus )  t o  which t h e  t a i l  rays are f f c l o s i n g  in." 
I 
-27- 
The axes a re  always l agg ing  behind t h e  prolonged r a d i u s  v e c t o r .  It i s  
shown t h a t  t h e  d i r e c t i o n s  of t h e  t a i l  axes  a r e  d e t e m i n e d  by t h e  f o r c e s  
which r e g u l a t e  t h e  out f low of t he  t a i l  m a t e r i a l  from i t s  source  i n  t h e  
head. 
axes i s  not apparent .  (Author)  
A d i r e c t  i n f l u e n c e  of  t h e  "solar wind" on t h e  p o s i t i o n  of t h e  t a i l  
126. K .  N u r m  
AN VXPANDING HALO OF SOWD ALCOCK (1963b) 
Yamburger S ternwar te ,  Hamburg-Bergedorf, Germany, March 31, 1964 
AD 604 048 
On :.lay 27/28, 1963 Comet Alcock showed an i n c r e a s e  i n  l i g h t  of about t h r e e  
magnitudes accompanied by an  outbreak o f  pas  and dus t .  The gas  ha lo  
emanded wi th  a v e l o c i t y  of one k i lome te r  p e r  second. 
t h e  d u s t  m a t e r i a l  was much m a l l e r  amounting on ly  t o  50 t o  100 meters  p e r  
second. (Author)  
The expansion of 
127. PI. J. S. Bel ton,  J.  C. Brandt and P. Id. Hodge 
01J THY CHA?dCT ';RI?TTICS nv DISTAW IGOMSTS 
Space Sc ience  Laboratory,  Un ive r s i ty  of C a l i f o r n i a ,  Berkeley, C a l i f o r n i a  
AD 299 839 
Donn's a r t i c l e  on t h e  c h a r a c t e r i s t i c s  of d i s t a n t  comets i s  c r i t i c i z e d .  It 
i s  shown t h a t  h i s  arpuments concerning t h e  composition of t h e  t a i l s  and 
t he i r  cu rva tu re  and o r i e n t a t i o n  a r e  mutual ly  c o n t r a d i c t o r y .  Brandt '  s use 
of these t a i l s  t o  probe t h e  i n t e r d a n e t a r y  medium i s  s t rengthened  and h i s  
arguments for a t r a n s i t i o n  reg ion  between t h e  s o l a r  wind and t h e  s o l a r  
b r e e z e  a t  2 AU are r e in fo rced .  
128. J. C. Rrandt  
@N TI13 STTJDY 01" C O I E T  TAILS AND irlGDELLS CT T€IZ INTZR?LANETAI-EY YIEDIUM 
As t rophys ica l  Jou rna l  - 133, 1091 (1961) 
The t h e o r i e s  of Bierman, Parker ,  and Chamberlain are appl ied  t o  
Osterbrock '  s obse rva t ions  of Comets Baade 1954h and Haro-Chavira 1954k. 
129. J. C. Brandt 
IfiT <~'''T,4VETARY ;ciEDIIJY PI-IYSTCS A'D C r  IT TAILS 
C a l i f o r n i a  !Jniversity,  Berkeley,  1964 
AD 603 780 
T h e  orograrns, r e s u l t s ,  and reDorts r e s u l t i n g  from r e s e a r c h  on i n t e r p l a n e t a r y  
medium phys ic s  and comet t a i l s  are siuimarized. 
. 
-25- 
130. S. Grundzinska 
T P  ArjTTId3R~'TE PF GO' ICINS IN TH3 TArLS nP CO:iETS 
Ann. d 'Astrophy. 23, 797 (1960) 
The abundance of CO' i n  t h e  t a i l  of Comet Bester (1947k) i s  found t o  be 
30 t o  40 t imes  g r e a t e r  t h a n  t h a t  of CN i n  t h e  head. 
abundance f o r  CN i s  t a k e n  e q u a l  t o  t h a t  suggested for C2 by khrm, t h e  
abundance of CO' i o n s  i n  t h e  t a i l  around t h e  r e g i o n  of t h e  head i s  
es t imated  t o  be on t h e  o r d e r  of 106 p e r  cm3. 
Assuming t h a t  t h e  
131. S. L. P l i l l e r  
TI ;% ZCC?,%2EWCE OF GX3 HYDRATES IN E13 SOLIR SYST31 
?roc. Nat. Acad. Sc i .  47, 1793 (1961) 
The occurrence  and p r o p e r t i e s  of t h e  h y d r a t e s  i n  p l a n e t a r y ,  i n t e r p l a n e t a r y ,  
and cometary environment i s  d iscussed .  
d ioxide ,  e thane ,  etc.  i s  p o s t u l a t e d  t o  be a l i k e l y  c o n s t i t u e n t  of comets. 
A mixed h y d r a t e  of methane, carbon 
132. K. 'tJatson, B. C. Murray and H. Erown 
T ' T  STARTT,ITY P? VOLATIL3S TN THZ SOUR SY3TD1 
Tcarus - 1, 317 (1963) 
A s t u d y  of the s t ab i l i t y  of t h e  ices of water, ammonia, carbon d ioxide ,  
and -?ethane i s  extended t o  t h e  r i n g s  of Sa turn ,  t h e  s u r f a c e s  o f  t h e  smaller 
sa te l l i t es  of J u D i t e r  and Saturn,  and bodies  i n  o r b i t s  similar t o  t h o s e  of 
short-Deriod comets. 
133. D. 3. Blackwell  and R. V. ' d i l l s t r o p  
A STUDY OT TH-3 GNOTHRCIL~TIC POLARIZATION OP COMTT A~END-ROLAI~D (1956h) 
Monthly Notices  of t h e  Royal Astronomical S o c i e t y  117 ,  590 (1957) 
T o l a r i z a t i o n  measurements obtained w i t h  g l a s s  and g e l a t i n  f i l t e r s  are 
r e p o r t e d  t o  have i s o l a t e d  t h e  continuum n e a r  45'302 and t h e  (0,O) CIL' 
emiss ion  band n e a r  38508. 
found t o  a g r e e  reasonably  w i t h  t h a t  of a metal l ic  n e t e o r i t e ,  and t h e  amount 
of p o l a r i z a t i o n  i n  t h e  CN measurements was c o n s i s t e n t  w i t h  a f l u o r e s c e n c e  
-lie chanism. 
-
The p o l a r i z a t i o n  curve of t h e  continuum was 
134. J. D.  Kraus 
CBSZTVATIONS AT A WAVELENGTII OF 11 AEI'SRS DVRIiiG TliE CLOTjS RP?ROkCII OF 
Astronomical  J o u r n a l  53, 55 (1958) 
The o b s e r v a t i o n  of a r a d i o  source which may have been r e l a t e d  t o  Comet 




135. J. 1.'. Shaw 
PIA'l"TAT, 3VJTRPPT'FXT flip IWTR ?LAN :T 1_2v SFACE 
T h e  Ohio S t a t e  TTniversitv Research Foundation, Columbus, Ohio, 1960 
AD 25'0 230 
Chayter I T ' T  of t h i s  r e s o r t  i s  devoted t o  s o l i d  p a r t i c l e s  i n  i n t e r d a n e t a r y  
space  and i n c l u d e s  a s h o r t  d e s c r i q t i o n  of t h e  form and composition of 
comets, t h e i r  o r b i t s ,  and t h e  number of observed and unobserved comets. 
-30- 
LASPRATOTZY STIJDIES 
136. G. IIerzberg, A. Yonf i l s  and B. Rosen 
'IOLTCTTL,~? SD2CTRA UT TI'E 221 C)T? TJLTRAV1CL;;;T. INTRODUCTORY RZPORT 
"em. SOC. Roy. 7ci .  L iege  4, 1k6 (1961) - 
OTS/SLA 63-1024s 
Recent p r o g r e s s  made i n  vacuum u l t r a v i o l e t  spec t roscopy i s  reviewed as it 
a p p l i e s  t o  a s t r o p h y s i c s  and t h e o r e t i c a l  r n o l e c d a r  spec t roscopy.  
molecular s p e c t r a  of t h e  gaseous s t a t e  and r e c e n t  improvements i n  vacuum 
spec t rog raphs  are  d iscussed .  
I n d i v i d u a l  
137. G. Herzberg 
RFCE!JT LAWRATORY INISSTTGATIONS OF I ICLECITL7S Cp ASTRONOi+iICAL IIhTTSREST 
l'lem. SOC. Roy. Sc i .  L iege  28, 397 (1956) 
AD 132 241 
Labora tory  i n v e s t i g a t i o n s  of molecules of importance t o  s t e l l a r  atmospheres,  
g l a n e t a r y  atmospheres, and comets a r e  sunmarized. The d i s c u s s i o n  i n c l u d e s  
t h e  S ic2  molecule i n  carbon s tars ,  p o s s i b l e  d e t e c t i o n  of polyatomic 
molecules  i n  s te l la r  a t n o m h e r e s ,  t h e  d i s s o c i a t i o n  of diatomic irAolecules, 
methods for band spec t roscopy t o  determine ternwrature, t h e  mechanism of 
OH product ion  i n  t h e  upper  atrilomhere, molecular  hydrogen i n  d a n e t a r y  
atTospheres ,  and t h e  format ion  of molecules  i n  comets. 
135. G. Herzberg 
LAqC'mTOqY T''S7'STT'; 1TTClljiS P p  TEE S?3CTW C'v V'T'RST ';TILA!? A I D  COi'iZTARY 
' 'CLTTL3S 
Ye-n. SOC. Roy. Sc i .  Liege,  Ser .  4, - 15, 291 (195s) 
The i d e n t i f i c a t i o n  and format ion  of d ia tomic  a o l e c u l e s  i n  i n t e r s t e l l a r ,  
d a n e t a r y ,  and cometary medium i s  sumrarized.  Labora tory  da ta  are 
p resen ted  for CN' and NH' and f o r  t h e  t r i a t o m i c  r a d i c a l s  C3 and NH 
comets. 
atinosoheres i s  d iscussed .  
of 
The p o s s i b l e  p re sence  of HCO i n  i n t e r s t e l l a r  rnediwn and p l a n e t a r y  
139. J. Oro 
CCI'ISTS AID TH3 " A T I O N  OF RIOCHZ4ICAL C@L@CITN~S CI'J TE3 PRIPIITI~IE -3RTH 
Nature  - 190, 389 (1961) 
It i s  sugges ted  t h a t  one i p o r t a n t  consequence of t h e  i n t e r a c t i o n s  of 
comets wi th  t h e  e a r t h  i s  t h e  accumulation of r e l a t i v e l y  l a r g e  amounts of 
carbon co.npounds which a r e  known t o  be t ransformed spontaneous ly  i n t o  
ainino a c i d s ,  pu r ines ,  and o t h e r  biochemical  compounds. Laboratory expe r i -  
ments are  desc r ibed  i n  v e r i f i c a t i o n  of t h i s  theory .  
-31- 
140. A. 4. P o t t e r  and B. Del Duca 
LIP m m  IN SPACS OF POSSIBL; PA;IZTJT a m c u m  07 C C A X T ~ Y  1t4n1s.q~~ 
I 
I c a r u s  - 3, 103 (1964) 
I 
The space  l i fe t imes of some p o s s i b l e  p a r e n t  molecules  of r a d i c a l s  are 
e s t ima ted  from l a b o r a t o r y  measurements of abso rp t ion  c r o s s  s e c t i o n s  and t h e  
s o l a r  u l t r a v i o l e t  flux. The parent  molecules  i n c l u d e  e thy lene ,  ace ty lene ,  
methane, cyanogen, hydrazine,  ammonia, water ,  etc. 
44.l. P. Idilkinson 
9 I A T O I I C  '"I0LT:STTLES OF ASTROPHYSICAL INT 3HrJST: I O N I Z A T I O N  POTENTIALS AND 
DISSOCI 9TIOW EWRGI5S 
Ast rophys ica l  Journa l  138, 778 (1963) 
A c r i t i c a l  a n a l y s i s  i s  made o f  t h e  i o n i z a t i o n  p o t e n t i a l s  and d i s s o c i a t i o n  
e n e r g i e s  of l4'l d ia tomic  molecules and molecular  i o n s  of a s t r o p h y s i c a l  
ivnor tance .  The d a t a  are  sumarized i n  a t a b l e  and i n c l u d e s  v a l u e s  and 
r e f e r e n c e s  for C2,  CH, CN, CO+, NH, N2+, QH+, 02+, as w e l l  a s  o t h e r s .  
-
142.  G. J.  P o n t r e l l i  
I l V  n IT ,  , II)TZ':AYKPT a in ?YOPZITI<S c~ X R ~ A I N  CP : v A m  SPZCIG 
F i n a l  Report  on TJA,SA Cont rac t  NASw 7 0 7 ,  3. I. h P o n t  de Nemours and Company, 
Yilmington, Delaware, January  1965 
C2 ,  C3, and C B  r a d i c a l - r a d i c a l  r e a c t i o n s  and p r o p e r t i e s  observed i n  t h e  
cont inuous  and f l a sh  p h o t o l y s i s  of d i a c e t y l e n e  are r e l a t e d  t o  t h e  p o s t u l a t e d  
mechanisms of r a d i c a l  format ion  a t  or nea r  t h e  nuc leus  of comets. 
1k3. G. Herzberg 
TFI7 3 E C T R A  AbTD S'TRUCTTJRES OF FREE :ETHYL AND FREE 14E'I"YLZNS RADICALS 
?roc.  Roy. Soc. A 262, 291 (1961) -- 
Vacuum u l t r a v i o l e t  Dhoto lys i s  of dimethyl  mercury and diazomethane i s  
r e p o r t e d  t o  produce t h e  s p e c t r a  of  t h e  two a s t r o p h y s i c a l l y  important  
r a d i c a l s ,  CH3 and CH2. 
of t h e  e l e c t r o n i c  and geometr ic  s t r u c t u r e  of t h e  r a d i c a l s ,  which can be 
a p o l i e d  t o  f u t u r e  a n a l y s i s  of conetary  s p e c t r a .  
Analysis  of t h e  s p e c t r a  r e s u l t s  i n  t h e  de te rmina t ion  
A pre1iqinar-y s tudy  p r e s e n t s  t he  abso rp t ion  spectrum of CH3 as produced b y  
t b e  vacuum u l t r a v i o l e t  f l a s h  Dhotolgsis  of dimethyl  mercury. 
-32- 
The spectra and s t ructure  of  HNCN produced i n  t h e  f l a s h  p h o t o l y s i s  of 
diazomethane are i n v e s t i g a t e d .  
r a d i c a l ,  and i t s  ground and f i r s t - e x c i t e d  s t a t e  are  determined. 
The 3&02 band i s  a s s i g n e d  t o  t h i s  f r e e  
146. G. Herzberg 
LABORATORY PROLIUCTIOTJ OF TEE /? 405'0 GROUP OSC1,lilITJG IT( COGTARY SPZCTRA; 
T T T J  I Ziz BJIDXJCE PCR TI ,3 ?IIZiENCE CF CH2 MOLSCVLZS II'J SC,JSTS 
A s t r o a h y s i c a l  J o u r n a l  - 96, 314 (1942) 
The A 4050 system occurr ing  i n  cometary s p e c t r a  i s  ass igned  t o  CH2 (which 
i s  l a t e r  r e f u t e d  by Herzberg and o t h e r s  and ass igned  t o  C 3 ) .  
147. G. Herzberg and J .  Shoosmith 
SP7CTRlVI APD STRITCTIRE OT TIIS V E B  I TF,THYLE;NF RADICAL 
Rature - 183, 1801 (1959) 
An explana t ion  f o r  t h e  p r e v i o u s  m i s i d e n t i f i c a t i o n  of  t h e  3\ 4050 as due t o  
GI2 i s  nresented  through more recent  i d e n t i f i c a t i o n  of t h e  vacuum u l t r a -  
v i o l e t  spectrum (31400) of CH2 produced by t h e  p h o t o l y s i s  of diazomethane. 
,ljcperiments on t h e  p h o t o l y s i s  of s o l i d  diazomethane and i t s  i s o t o p i c  
m o d i f i c a t i o n s  p r e s e n t  evidence f o r  t h e  assignment of p a r t  of t h e  observed 
s p e c t r a  t o  a n  e l e c t r o n i c  t r a n s i t i o n  of ne thylene  i n  t h e  n e a r  u l t r a v i o l e t .  
Other  p r o d u c t s  of t h e  n h o t o l y s i s  were t rapped ,  and t h e i r  n a t u r e  i s  descr ibed .  
149. N. Sreedhara  Aurthy 
A LABOWTC'2Y STUDY CF TI17 'ROTATTO~~IAL Ti.: L?G?ATLRZ' OF CH' ('7 - 'x ) 
CON7TA3Y 3 A N D  
Proc.  Phys. SOC. 81, 1141 (1963) - 
The d e t e r m i n a t i o n  of t h e  i n t e n s i t i e s  of f i v e  r o t a t i o n a l  l i n e s  o f  t h e  (0,O) 
band of t h e  CH' (177 - 
an a n a l y s i s  o f  s p e c t r a  ?reduced through z x c i t a t i o n  by a high-f requency 
e l e c t r o d e l e s s  d ischarge .  
) cometary system i s  r e p o r t e d  as t h e  r e s u l t  of 
c 
-3 3- 
150. A. E. Douglas 
LASORATCRY STIJDIFS OF THE 24050 GROUP O? COMEI’ARY SPSCTRA 
As t rophys ica l  Jou rna l  - 114, 466 (1951) 
Study of t h e  s p e c t r a  obta ined  from l a b o r a t o r y  product ion  of t h e  24050 
plroup p r e v i o u s l y  observed i n  cometary s p e c t r a  i n d i c a t e s  t h a t  it i s  due t o  
t h e  C molecule. 
i s  no? p r e s e n t  and t h e r e f o r e ,  t h e  emission can no t  be due t o  CH2 as 
q o s t u l a t e d  by Herzberg. 
I s o t o p e  e f f e c t s  and t h e  f i n e  s t r u c t u r e  show t h a t  hydrogen 
151. El. G. Bennet t  and F. V. Dalby 
YW7RI’WT?T, OSSILLITCP STQ’XGTHS @v CH AN3 NH 
J. Chem. Phys. - 32, 1716 (1960) 
The o s c i l l a t o r  s t r m g t h s  of t h e  A 2A and B 
s t a t e  of LTH a r e  c a l c u l a t e d  from the d e t e r r i n a t i o n  of t h e  r a d i a t i v e  l i f e -  
t imes  of t h e  emi t t i ng  s o c c i e s  as produced by e l e c t r o n  bombardment o f  
methane and amnonia. 
2 s t a t e s  of CH and t h e  A *r 
152. K.  C lus ius  and A. E. Doug1 
TH% h 405’0 BANDS O? THX C *’ MOLEClJLE 
Can. J .  Phys. - 32, 319 (19 2 4) 
E x c i t a t i o n  of t h e  A 4 O S O  cometary bands wi th  C” prov ide  v e r y  good ev idence  
t h a t  t h e  C molecule i s  re spons ib l e  f o r  t h i s  emission i n  comets. 3 
A s t r o n g  v i o l e t  continuum i s  repor ted  t o  appear  w i th  t h e  C3 bands e x c i t e d  
i n  t k e  luminous r e g i o n  of a f u e l - r i c h  oxyace ty lene  flame. 
photopraphic  i n t e n s i t y  measurements on t h e  s p e c t r a  of t h e  d i f f e r e n t  r e g i o n s  
of t h e  f l a - e  show s t r o n g  c o r r e l a t i o n  between t h e  C3 bands and t h e  continuum. 
P re l imina ry  
154. G. V. Tqarr 
Ccl\TSllSTIP~’ STTTT)17T 0‘ A ‘;TRC?H”STC& VICNTFICAiTS3. TTI. 
T h e  TJnivers i ty  of TITestern Cntario,  London, Ontar io ,  Canada, March 1, 195’7 
AD 1 5 2  611 
Spec t roscop ic  i n v s s t i g a t i o n  of t h e  luminous mant le  of f u e l - r i c h  oxyace ty lene  
flames encomqasses band-head i n t e n s i t y  measurements f o r  t h e  r a d i c a l s  C 2 ,  
CII, C3, and CN; r o t a t i o n a l  p l o t s  f o r  C2, CH, and OH; and de te rmina t ion  of 
v i b r a t i o n a l .  t e m p r a t u r e s  and t h e  mechanisms of product  formation.  The 
exper imenta l  obse rva t ions  of C a r e  cons idered  i n  r e l a t i o n  t o  prev ious  
l a b o r a t o r y  and a s t rophy3 ica l  i n v e s t i g a t i o n s .  
i s  d iscussed ,  and t h e  f luo rescence  ~oecharlism by solar r a d i a t i o n  i s  shown 
t o  account  f o r  t h e  cometary band eiiiission occur r ing  i n  t h e  absence of 
continuum emission.  






P. S. S k e l l  and L. D. ' rkscot t  
C I T X T C I T ,  PVODERTT",S C A 3TCPPBETJZ 
J. An. Cheq. SOC. 85, 1025 (1963) 
The chemical r e a c t i o n s  of  carbon vapor, produced i n  vacuo, wi th  o l e f i n s  a t  
l i q u i d - n i t r o g e n  cooled s u r f a c e s  a r e  r e p o r t e d .  
have been c o n t r o l l e d  t o  simulate conetary  ambient c o n d i t i o n s .  
The c o n d i t i o n s  o f  r e a c t i o n  
B. Rosen 
NEW IDrV5STIG4TIONS CN THZ C 
Astronomical J o u r n a l  66, 383 (1961) 
A br ief  summary of l a b o r a t o r y  i n v e s t i g a t i o n  of  t h e  7\ 4050 systeln f o r  C3 
and i t s  importance t o  cometary physics  i s  presented .  
SPECT4W4 AT 405'0i 
-
G. V. Marr 
CO!IBUSTION STUDIES CV ASTROPHYSIChL STGNIFICAITCE. 1. A SU2VF;Y CF THE 
GZNERRhL ~"l%c?I 4 W C  S 97 "UIVIE PROPAGATION, AND (27 RELEVANT EXFERIM3JTAL 
T XC HYQl?ES 
The U n i v e r s i t y  of Western Ontario,  London, Ontar io ,  Canada, Nay 1, 1956 
A D  101 687 
The g e n e r a l  mechanics and experimental  t echniques  f o r  flame propagat ion  
are nresented  and d i r e c t e d  toward an e f f o r t  t o  p r o v i d e  informat ion  on 
e x c i t a t i o n  cond i. t i ons i n  as t rop hysi c a1 sources  . 
flames a r e  cons idered  and it i s  sugpested t h a t  C2H2/02 flame be used as a 
s o u r c e  of t h e  C r a d i c a l  which occurs  i n  cool  s t a r s  and comets. 3 
Iiyd r o  carbon/oxyg e n  premixed 
G. Herzberg and D. A. Ramsay 
J.  Cheln. Phys. - 20, 347 (1952) 
XSSO2:IPTIOW SPT-,CT~IJIV~ 07 "RZ:'? NH2 RADICALS 
The m -bands observed i n  comets is ass igned  t o  NH2 through p r e l i m i n a r y  
i n v e s t i p a t i o n s  of t h e  a b s o r p t i o n  s p e c t r a  produced i n  t h e  f l a s h  p h o t o l y s i s  
of I\TH3. 
G. Eerzberg and D. A. Ramsay 
D i s c u s s i o n s  of the  Faraday Socie ty  14, 11 (1953) 
A thorough l a b o r a t o r y  i n v e s t i g a t i o n  of t h e  a b s o r p t i o n  s p e c t r a  of NH2 a s  
produced from t h e  f l a s h  p h o t o l y s i s  of NY3, i s  presented .  
t h e  spectrum and i s o t o p e  s h i f t s  ob ta ined  wi th  d e u t e r a t e d  NH3 confirm t h a t  
NH, i s  resDons ib le  f o r  t h e  a -bands  observed i n  cometarv sDectra.  
TYE ABSO3PTION SPECTRUj.4 (27 ?RE3 NH2 RADICALS 
-
The s t r u c t u r e  of 
-35- 
Some p r e l i m i n a r y  r e su l t s  from t h e  f l a s h  p h o t o l y s i s  of hydraz ine  i n c l u d e  
t h e  de te rmina t ion  of t h e  c r i t i c a l  f l a s h  i n t e n s i t y  above which thermal  
e q l o s i o n  occurs  and t h e  observa t ion  of t h e  a b s o r p t i o n  s p e c t r a  of t h e  NH 
and NH2 p r o d u c t s  of t b e  e x d o s i o n  r e a c t i o n .  
R o t a t i o n a l  and v i b r a t i o n a l  a n a l y s i s  of t h e  NH2 bands,  produced by t h e  
f l a s h  p h o t o l y s i s  of' ammonia and hydrazine,  i s  r e p o r t e d  t o  ver i fy  t h e  
assignment of t h e  oc-bands of ammonia t o  t h e  NH2 r a d i c a l .  
162. M. '6. F e a s t  
A X  EMISSION BAVD SYSTM ATTRIBUTED TO TEE .iOLZCUL3 TJH+ 
A s t r o p h y s i c a l  J o u r n a l  114, 3hk (1951) -
Zrnission bands produced from t h e  e x c i t a t i o n  of f l o w i n g  ammonia i n  a hollow- 
cathode d i s c h a r g e  t u b e  are  i d e n t i f i e d  as "+. 
of t h i s  molecule  i s  based on previous  o b s e r v a t i o n s  of NH i n  cometary s p e c t r a  
and t h e  d u a l  presence  of b o t h  CH and CH' i n  c o n e t a r y  s p e c t r a .  
The p o s t u l a t e d  i w o r t a n c e  
163. J .  A .  Glasel 
ST4sTIJ7,ATTOYJ n7 \UT IN !-IYDPCCARRON i~TATRICES AVD ITS .",4TICN TO GO ,TTJ?ArZY 
'T' <;?Jc\ TpnTA 
Proc.  Nat. Acad. Sci .  47, 1714 (1961) 
The u l t r a v i o l e t  s p e c t r a  o f  13H r e s u l t i n g  from HF d i s c h a r g e  through t h e  low-  
tempera ture  s o l i d s  CH4-N2-AY CH4-W2, and NH3-A i s  shown i n  an a t tempt  t o  
s u b s t a n t i a t e  t h a t  f ree  r a d i c a l s  such as NH can be t rapped  i n  t h e  f r o z e n  
s o l i d s  which exis t  i n  comets. 
- 
The format ion  of t h e  NH rad ica l  from electrical .  d i s c h a r g e  i n  hyd-razoic a c i d  
i s  descr ibed .  
hydraz ine ,  cyanic  a c i d ,  and nitrogen-hydrogen mixtures f a i l e d  t o  produce 
t h e  r a d i c a l .  
A l l i e d  experiments w i t h  e l ec t r i ca l  d i s c h a r g e  i n  ammonia, 
-36- 
165. L. J.  S t i e f  and V.  J .  DeCarlo 
ORIGII\T OF lJH(A3TT) - NH(X3x') E4ISSION I N  COMETS 
Nature - 20$, 889 (1965) 
The p h o t o l y s i s  of hydrazine a t  the  krypton  resonance l i n e s  and a t  l o w  
Dressu res  i s  repor t ed  t o  produce t h e  A3360 e 'n i ss ion  s p e c t r a  of NH. The 
s p e c t r a  ;Ye t h a t  o f  t h e  t r i p l e t  system which has  been Dreviously observed 
i n  cometary s p e c t r a .  From t h i s ,  hydrazine- type compounds a r e  p o s t u l a t e d  
t o  be r e s p o n s i b l e  f o r  t h e  NH emission i n  comets. 
166. €1. Schuler  and A .  Niche1 
TTT~ r;=JrTSSIPbT RAn?!DS P 9 O Y  2:LTCTSTC TX?ITATION QT A W O N I A  
Z. TTaturforsch. loa,  1 (1955) 
TWO band s y s t e m  appearing between 5'200 and 35008 are r e p o r t e d  t o  occur  
upon e l e c t r i c a l  e x c i t a t i o n  of KH3 at one atmosphere. 
-
The u l t r a v i o l e t  flash p h o t o l y s i s  of NH 
i s  desc r ibed  . t o  produce t h e  IJH and NH2 r a d i c a l s  3 
168. K. D. Rayes, K. H. Becker and A. 15. i j e lge  
FLASH PHOTOLYSIS OF NH I N  T H S  VAC!JUlbI ULTRAVIOLET 
Z.  Natur forsch .  17a, 636 (1962) -
The p roduc t ion  of NH2 and NH r a d i c a l s  from t h e  vacuum u l t r a v i o l e t  p h o t o l y s i s  
of gas-phase NH a t  wavelengths between 2200 and 1650a i s  repor t ed .  3 
169. 5 .  Ii.  Recker, F. S t u h l  and K.  € 1 .  Velge 
FLASH PFIOTOT,YSTS AYD TtjIJQ7'3CEI?CE C" I"H3 1 7 '  TF3 7,4CTT'9$f 'TLTPA'JIOLZT 
qonn TJniversitg, Germany, 1962 
AD 435 1~11 
The Droduction, k i n e t i c s ,  and e l e c t r o n i c  states of t h e  NH2 and NH r a d i c a l  
i n  t h e  vacuum u l t r a v i o l e t  f l a s h  Dhoto lys i s  of NH3 i s  descr ibed .  
f l u o r e s c e n c e  s t u d i e s  of t h e  primar;y 
t r a n s i t i o n , i s  observed, bu t  n o t  t h e  37- 3 x- t r a n s i t i o n .  
I n  
roduc t  NH, t h e  c1T -alE 
170. €1. J .  Rome1 
r'€!OTCT,YSIS OF A IiJIONIII Ir\I TI; 7 F.12 'JLTRAVIOLFT 
Bonn Unive r s i ty ,  Germany, 1963 
AD 43'3 494 
T h e  i n f l u e n c e  of t h e  NTH r a d i c a l  on t h e  o v e r a l l  mechanism of t h e  a m o n i a  
p h o t o l y s i s  i s  assessed .  
. .  -37- 
171. F. S t u h l  and K. H. ',Jelge 
FLA3tT ,3IIOT@LYSIS 0-7 IdH I N  TI13 VACUTJk1 ULTRAVIOLET. 11. 
2. Naturforsch.  - 18a, 9 2 0 (1963) 
An a n a l y s i s  i s  made of t h e  formation of NH i n  t h e  vacuum u l t r a v i o l e t  
p h o t o l y s i s  of NH3. 
t h e  32- state.  
It i s  re2or ted  t h a t  TJH r a d i c a l s  agpear  d i r e c t l y  i n  
172.  W. E. Groth 
,3110TOCHETwIICAL IWGTIGATIONS I N  THS FAR ULTRAVIOLET 
aonn Unive r s i ty ,  Germany, 1963 
AD 416 366 
The r e p o r t  summarizes p r e s e n t  progress  made i n  a ser ies  of i n v e s t i g a t i o n s  
on the- f a r  d t r a v i o l e t  photochemical hehav io r  of NH3. 
173. V. Grotb, €1. Okabe and 13. J .  Rome1 
? Q I X f l & - V  P?cli',?SSSS P fiH lHOTOLYSIT  4 T  14702 
Z. Naturforsch.  19a, SO$ (1964) -
The p h o t o l y s i s  of 
p e r c e n t  by r e a c t i o n  20 NH r a d i c a l s  and t o  58 p e r c e n t  by r e a c t i o n  t o  NH2 
r a d i c a l s .  
a t  14708 i s  i n v e s t i g a t e d  and found t o  proceed t o  1 2  
174. K. H .  Recker and K. II. Welge 
THE IITi 3s F I G A T I P N  OF TI12 FLUORZSC3fiICE AND PHOTOCHS'JIICAL PRI1"lAnY PRCCESSES 
ITi TIiZ VACTlTM ITV BY "3, N2H4, PH3 -4RD THZ REACTIONS OF TRZ 3LZCTRONICALLY 
EiCITEU RADICALS NIP (In), N P  ( 3 7 7 ) ,  PH? (377) 
Z. Naturforsch.  l9a, 1006 (1964) -
( I n  German) 
175'. E. Fink and K. €1. Idelge 
L I F 7 T I P I F  OF THE ELEC'FRONIC S T A T 3 3  N2(C377u), N2+(B2 Z+u) ,  I w ( A 3 7 7 ) ,  UH( clv), 
PH(37T) 
Z. Natur forsch .  l g a ,  1193 (1964) 
( I n  German) 
-
176. K. TI, ?ever and K. FI. I\-elr?.e 
Z . Raturf  orsch  l9a, 19-28 (1964) 
( I n  German) 
-
-38- 
177 .  K. H. Reeker and K. 11. '.Jelge 
oLTTO?7SCE:J\IC;i: OF 
VACTVV TTLTW.VIOL3T 
2. Natur forsch  18a, 600-3 (1963) 
( I n  German) 
RADISALS DTTT-1ING T!?Z ?H@T@DIS30CIRTIOIT 07 VH3 IPT THE 
-
178. A. E. Douplas and P. M. Rout ly  
THE SP7CTE1TM OF T€iZ CN' PlOLZCUL3 
Ast rophys ica l  J o u r n a l  119, 303 (195'4) -
It i s  r e p o r t e d  t h a t  two band systems due t o  two ' E  - 1x r o t a t i o n a l  t r a n s i t i o n s  of 
t h e  astrophysically-imDortant CN' molecule  have been produced from a 
d i s c h a r g e  through helium mixed with a t r ace  of C2N2. 
bands are a l s o  repor ted .  
Four o t h e r  u n i d e n t i f i e d  
179. R. G. Bennett and F. W. Dalby 
7X?;,RIi4EilPTAL CSCILMTOR STRZNGTH CF TIIT VICLZT "2YSTE.1 OF CN 
J .  Chem. Phys. - 36, 399 (1962) 
The e l e c t r o n  bombardment of HCN t o  produce t-he emission spectrum of CN i s  
described. R2E state  i s  determined from 
a d i r e c t  measurement of t h e  spontaneous rad ia t ive  l i f e t ime .  
The o s c i l l a t o r  s t r e n g t h  of t h e  
180. D. E. P a u l  and F. W. Dalby 
J .  Chem. Phys. - 37, 5'92 (1962) 
The f l a s h  p h o t o l y s i s  of C2N2 t o  produce CN r a d i c a l s  i s  u t i l i z e d  i n  a k i n e t i c  
studv of t h e  rate of disaopearance of CN r a d i c a l  i n  cyanofZen, cganopen 
c h l o r i d e ,  hydrogen, and hydrocarbons. The emission spectrum of t h e  C N  
r q d i c a l  i s  found t o  a r i s e  from a f l u o r e s c e n c e  of t h e  CN radical  and n o t  from 
format ion  of r a d i c a l  i n  i t s  exc i ted  s ta te .  
KTNETICS OF DTSAPPE4MFCE OF THE CILT ;WIICJL "0RMTi;D "RCII C2R2 
131. A. E. Douglas and P. !'I. Routley 
OM TI13 5PXCTR.A 0' THE CN' AND CN P'IOLECULES 
A s t r o p h y s i c a l  J o u r n a l  1 1 7 ,  461 (1953) -
The s p e c t r a  of CN' and CN observed from C2N2 i n  a helium d i s c h a r g e  t u b e  are 
r e p o r t e d .  
t i o n  of CN' are l i s t e d  and two new band systems of n e u t r a l  CIJ, o c c u r r i n g  
i n  t h e  same r e g i o n  as t h e  CN', a r e  i d e n t i f i e d .  
The band o r i g i n s  and r o t a t i o n a l  c o n s t a n t s  of 1X - lZ t r a n s i -  
. 
-39- 
182. R. L. Brown and 13. P. Bro ida  
SPZCTRAL S I'LTDY OF A C T I V 3  NITRWJEN FLLlIXS EXEIRITING CN "TAIL" RANDS 
J. Chem. Ihys .  - kl, 2053 (1964) 
Flames of active n i t r o g e n  and s imple c h l o r i n a t e d  hydrocarbons are r e p o r t e d  
t o  e x h i b i t  several zones which can be d e f i n e d  by t h e i r  d i f f e r e n c e s  i n  
i n t e n s i t y  and spectra. 
which a r i s e s  from t h e  B s t a t e  of  CN. The mechanism of i t s  occurrence  
i s  p o s t u l a t e d .  
n e  zone has  been found t o  e x h i b i t  t h a t  emiss ion  9 
183. R. N. Dixon and R. W. N i c h o l l s  
AM YYPTSIIVIT~~AL TTUDY CF THE RAND IMTEWTTFS I N  r r m  cq m u  SYSTZN 
Can. J. Phys. - 36, 127 (1958) 
Xmer imenta l  band i n t e n s i t i e s  a r e  r e p o r t e d  f o r  t h e  CN r e d  system o b t a i n e d  
f r o m  an a c t i v e  n i t r o p e n  - carbon t e t r a c h l o r i d e  source.  
184. E. A. B a l l i k  and D. A. Ramsay 
GRGUiD STAT3 CF T H 2  C2 MOLECIIZE 
J. Chem. Phys. 31, 1123 (1959) 
The r o t a t i o n a l  and v i b r a t i o n a l  analysis of C2 band system as observed i n  
t h e  n e a r  i r f r a r e d  spectrum of t h e  emission f rom a carbon f u r n a c e  i n d i c a t e  
t h a t  t h e  3 x g -  s t a t e  i s  t h e  ground s t a t e  of C 2  i n  t h e  gas  phase.  
-
185. E. A. R a l l i k  and D. A. Ramsay 
A s t r o p h y s i c a l  J o u r n a l  137 , 1 (1963) 
TIiZ A'  3xg-  - X' 377, BAND SYSTEq OF TIiE C2 MOLECULE 
-
The d e t a i l  of t h e  v i b r a t i o n a l  and r o t a t i o n a l  l i n e s  of t h e  i n f r a r e d  band 
system of  t h e  C2 molecule  i s  presented  and a p o s s i b l e  mechanism i s  advanced 
t o  e x p l a i n  t h e  presence of t h e  C2 Swan bands and absence of t h e  C2 
P h i l l i p s  bands i n  cometary spec t ra .  
186. E. A.  3 a l l i k  and D. A. Ramsay 
A s t r o p h y s i c a l  J o u r n a l  137 , 34 (1963) 
Nine new bands of t h e  P h i l l i p s  systein of C 2  are  p r e s e n t e d  and measurements 
on t h r e e  o t h e r  bands are  extended t o  h iEher  J values, w i t h  new molecular  
c o n s t a n t s  eva lua ted  € o r  both s t a t e s .  A Tenera1 summary of molecular  
c o n s t a n t s  f o r  a l l  known s ta tes  of C2 and a diagram of t h e  p o t e n t i a l  c w v e s  
are  givzn a l s o .  
n r ~  TWY~~TION PT TY ~ L L T P T  SYSTW! 0" c2 A V D  A SIRVTY CF c2 s u m s  
-
-40- 
187. V. J.  DeCarlo 
ST TJDY Tr 1 CI:!TX'AKL A 5TROPHYSL CS 
NASA Cont rac tor  Report ,  Nat iona l  Aeronaut ics  and Space Adminis t ra t ion ,  
: lashington, D. C., July 1964 
C2 emission observed from t h e  vacuum u l t r a v i o l e t  p h o t o l y s i s  of low-2ressw-e 
methane and a c e t y l e n e  i s  r egor t ed  t o  co inc ide  wi th  t h e  Swan bands observed 
i n  cometary s p e c t r a .  A second i n v e s t i E a t i o n  of t h e  u l t r a v i o l e t  p h o t o l y s i s  
of i c e  (H20) produced u n i d e n t i f i e d  and unreproducib le  ernission bands and 
continuum, each occur r ing  between - h 1~000-4700. 
188. L. J.  S t i e f ,  V. J .  DeCarlo and El. J .  N a t a l o n i  
~ ~ A C U ~ ~ I  T T L A V I O L  TT AIOTCLYSIS ~7 ACXTYLEIE 
Melpar, Inc. ,  Falls Church, Va., November 1964, ( submi t ted  t o  J. Chem. 
Phys. for p u b l i c a t i o n )  
I n  a s t u d y  i n i t i a t e d  by a program i n  cometary a s t r o p h y s i c s ,  t h e  p h o t o l y s i s  
of a c e t y l e n e  a t  t h e  krypton and xenon resonance l i n e s  i s  descr ibed .  
Svidence  is  p resen ted  f o r  t h e  product ion  of a l o n r - l i v e d  e x c i t e d  s t a t e  of 
acetylene which a t  low p r e s s u r e  l e a d s  t o  t h e  format ion  of t h e  e x c i t e d  C2.  
The s p e c t r a  of t h e  C 2  emission a t  t h e  krypton  and xenon l i n e s  a r e c o n s i s t e n t  
w i t h  t h e  Swan bands p r e v i o u s l y  observed i n  cometary s p e c t r a .  An exc i ted-  
molecule  nechanism f o r  t h e  Dhoto ly t ic  r e a c t i o n s  i s  p o s t u l a t e d ,  
189. L. J.  S t i e f  and V. J. DeCarlo 
CRTGibT f'v THY C*(A377' ) - C2(X3nu) 3ISSION TTU' ZOYETS 
' l e lpar ,  Inc., Falls CRurch, Va., November 1964 (submi t ted  t o  Nature f o r  
nub li c a t  i on ) 
From t h e  r e s u l t s  of l a b o r a t o r y  i n v e s t i g a t i o n ,  it i s  p o s t u l a t e d  t h a t  t h e  C2 
Swan bands cbservsd i n  cometary s g e c t r a  are due t o  t h e  p h o t o d i s s o c i a t i o n  
of a c e t y l e n e  or an a c e t y l e n e - t m e  molecule.  
190. G. V. ilarr 
CONT3USTIOI~J S'TlTDIZS (?T A4SY'R@?HYSICBL SIGNICICANCE. 11. A SURVEY OF 
?Ti $E Z.?L KITi  TICS FfiX ?l?_ZiTLCD HYDYCC:iRBO;J/OXYG3:Ti FLAMES 
The U n i v e r s i t y  of Western O n t a r i o ,  London, Ontar io ,  Canada, July 1, 1956 
AD 110 208 
The t r e n d  of o o s s i b l e  r e a c t i o n  p r o c s s e s  thought  t o  b e  o c c u r r i n c  i n  
premixed hydrocarbon/oxypen f lames i s  o u t l i n e d  as an a i d  i n  t h e  s t u d y  of 
r e a c t i o n  p rocesses  occurr ing  i n  a s t r o p h y s i c a l  sou rces  such a s  cornets, e t c .  
The c o l l i s i o n  p rocesses  involved i n  ccnven t iona l  k i n e t i c s  are app l i ed  t o  
combustion processes .  The r e l evan t  parameters  are def ined  and an example 
of t h e  a n a l y s i s  of t h e  steady s t a t e  d e p a r t u r e  from thermal  e q u i l i b r i u m  is  
g i v e n  f o r  an  i d e a l i z e d  flame. The available techniques  for t h e  a n a l y s i s  
of  t h e  r e a c t i o n s  occur r ing  a re  out l ined  and considered i n  t h e  p o s t u l a t i o n  
of Drobabls  r e a c t i o n  mechanisms which a r e  capable  of forming t h e  e x c i t e d  
C2, CY, HCC, and OH f r e e  r a d i c a l s  i n  premixed hydrocarbon flames, 
-41- 
I .  191. R. G ,  Bennet t  and F. W. Dalby 
ZX?ERIM3NTAII CSCILLATOR STRENGTH P' CCi*I%T-TATI, SPST3 1 OF Cot 
J.  Chem. Phys. - 32, 1111 (1960) 
The e l e c t r o n  bombardment of  CO i s  u t i l i z e d  t o  produce t h e  emission s p e c t r a  
of t h e  comet- ta i l  system of CO' and t o  measure t h e  r a d i a t i v e  l i fe t imes  of 
i t s  u m e r  e l e c t r o n i c  s t a t e ,  
192. D. Robinson and R. W. N i c h o l l s  
JT\JT":n'YTTY 'qEASTJT?TfiTrT$ ON TVT Cot COX3T TAIL, lT'TD 313 30 a 4FD 4 
'IOL9::'lT AR RAPTD SYSTDlS 
Proc. Phys. SOC. 77, 917 (1960) 
The o h o t o e l e c t z i c  measurement of t h e  r e l a t i v e  band i n t e n s i t i e s  of t h e  comet 
t a i l  system ( i iL77 - $77) of CO+ and t h e  I30 Q and 8 molecular  band systems 
i s  repor ted .  The s t u d y  i s  a p a r t  of a progrram for t h e  es tab l i shment  of 
i n t e n s i t y  and t r a n s i t i o n  p r o b a b i l i t y  d a t a  for molecular  band systems of 
a s t r o p h y s i c a l ,  aeronomical,  and combustion i n t e r e s t .  
- 
193. R.  W. N i c h o l l s  
TRAF SITICiN P?CAA?Tl,TTI :S 0" i'l0LZLJL ?R BhPlD SYSTEPIS 
The 1.jnivprs;ity of '?Jestern Ontario,  Department of Phys ics ,  London, Canada, 
J u n e  1962 
z163-18009 
Franck-Condon f a c t o r s  c a l c u l a t e d  t o  h iph  v i b r a t i o n a l  quantum numbers are 
p r e s e n t e d  f o r  vacuum u l t r a v i o l e t  t r a n s i t i o n s  i n  N2, N2+, 02, CO, and CO'. 
194. H .  I. S. Ferguson, R. Id. Nichol l s  and L. Herman 
P;ICTTATIC" OT THE TEST I'EGATIIT SYST3N OF 02' BY PXOTON BE'Ivi I N  A I 3  AND 
o-mc 3N 
Colloq. Spect ros .  I n t e r n .  9 th ,  Lyons, 1961 - 2, 60-83 (1962) 
An account i s  given of t h e  e x c i t a t i o n  of t h e  bands of t h e  f i rs t  p o s i t i v e  
acetylene, and water vapor  are a l s o  repor ted .  The experiments  i n d i c a t e  
t ,bat  a d i r e c t  e x c i t a t i o n  occurs  with charge t r a n s f e r .  
system of O2 + by a beam of 4OXe'iT protons.  " y e r i m e n t s  w i t h  n i t rogen ,  
1%. 3. Robinson and 3. .I. N i c h o l l s  + 
I T-{?JC~ITY ~ -T~ , suY?~;z ;~~Ts  PN T T :  c2 sxw IJJXTI-JZ, cc A::GSTROM AND THIRD 
POSITIV:,, AYD YO y :-ID R MOL-W~LAZ  ID sysrms 
Proc.  Phys. SOC. 71, 957 (1958) 
I n  an e f f o r t  t o  o b t a i n  i n t e n s i t y  measurements f o r  band syste:ns of a s t r o -  
p h y s i c a l  i n t e r e s t ,  t h e  re la t ive  bar$ i n t e n s i t i e s  are r e p o r t e d  for t h e  
second n e g a t i v e  system of O2 , theAngs t rom and t h i r d  p o s i t i v e  systems of 




196. R. G. Turner  and R. 1J. N i c h o l l s  
8" i:X:'FrZI':~~TXL STUDY OF 9A!D :NT,QTSITIL'S IN TtIE YIRST 2OSITI7E SYST'L! 03' N2 
Can. J. Phys. - 32, 463 (195'4) 
V i b r a t i o n a l  t r a n s i t i o n  p r o b a b i l i t i e s  are i - n t e r p r e t e d  from t h e  i n t e g r a t e d  
i n t e n s i t i e s  of 52 bands of t h e  N2 first p o s i t i v e  system. 
Rand i n t e n s i t i e s  of t h e  first l sos i t i ve  system of n i t r o g e n  are used t o g e t h e r  
w i t h  t h e o r e t i c a l  t r a n s i t i o n  probabi l i t i e s  t o  de te rmine  t h e  dependence o f  
t h e  e l e c t r o n i c  t r a n s i t i o n  monient on t h e  i n t e r n u c l e a r  s e p a r a t i o n .  
198. L. '17. r*lallace and E. 1.J. N i c h o l l s  
T''? Il;iT3R"'? :TATICN CF i\T.TTENSI'i'P DISTSIBUTIONS IN TIIE N2 S SCOND PCSITIVE 
AF'D N2+ OIPS'I' Y E A T I V 3  RAND SYSTQG 
<J. A t m .  Terr. Phys. 7, 101 (195s) 
T h s  v a r i a t i o n  of t h e  e l e c t r o n i c  t r a n s i t i o n  moments i s  compared w i t t i  t h e  
oPserved i n t e r n u c l e a r  s e p a r a t i o n s , a n d  t h e  e f fec t  of t h i s  varJ .a t ion upon 
t h c  array of v i b r a t i o n a l  t r a n s i t i o n  n r o b a b i l i t i e s  is  assessed .  
199. R. G. Bennet t  and F. W. Dalby 
KWSRIiQ,:IJTAL DETTXIINATIOM OF TH3 PSCILLATOR STRENGTH OF THE P LRSr It23ATIVE 
R41,'TIS CF N2+ 
J. Chem. Phys. - 31, 434 (1959) 
I n v e s t i g a t i o n  of t h e  e l e c t r o n  bombardment of N has l e d  t o  t h e  d e t m n i n a t i o n  
of t h e  r a d i a t i v e  l i f e t i m e  of t h e  upper s t a t e  o$ t h e  3 3911~ t r a n s i t i o n  of N2+ 
and i t s  co r remond ing  o s c i l l a t o r  s t r e n g t h .  The r a d i a t i v e  l i fe t ime of t h e  
upper  s t a t e  of t h e  A 3 3 7 1  t r a n s i t i o n  o f  t h e  second p o s i t i v e  systm of N2 i s  
found t o  depend on t h e  condi t ions  of e x c i t a t i o n .  
The r a t e  of p roduct ion  of D2 from t h e  e l e c t r o n  bombardment of s o l i d  D20 i s  
measured v i t h  a b e l i u n  iiass s ? e c t r o x c t - r  leak d e t e c t o r  ir ,  an atteimt t o  
assess t h e  e f f e c t  of as t ronomical  c o n d i t i o n s  on s imple  rnolecldes i n  
condensed forms. 
-43- 
201. R. Berger  
THE PROTON IRR4DIATION OF AETHANE, AI~LIV~ONIA, AND WATER AT 77OK 
Proc. Nat. Acad. Sc i .  - 47, 1434 (1961) 
The bombardment of low-temperature mix tu res  wi th  12-lYeV p ro tons  t o  
produce acetone,  urea ,  and acetamide i s  descr ibed .  The s i g n i f i c a n c e  of  
t h i s  r e a c t i o n  i s  p resen ted  through p o s t u l a t e d  p rocesses  t o  e x p l a i n  t h e  
presence  of "3 and C02 i n  comets. 
202. R. G. Bennet t  and F. W. Dalby 
SXPERIMENTAL DETERMINATION OF THE OSCILL4TOR STRENGTH OF THE VIOLET 
SYSTEN OF OH 
J. Chm. Phys. L 40, 1414 (1964) 
The e l e c t r o n  bombardment of CH OH and H20 t o  produce t h e  v i o l e t  emission 
systey of OH i s  ?sed i n  t h e  de 2 ermina t ion  of t h e  r a d i a t i v e  l i fe t ime of 
t h e  A 77 - X 11 t r a n s i t i o n  of OH and t h e  corresponding o s c i l l a t o r  
s t r e n g t h  . 
. -44- 
PLANNED SPACE IW3STTGATION 
203. P. Swings 
POSSTR1,FJ CC~ITSISTJTICNS 07 SPAqF, TXPt3RII*lE'\PfT TO Cn4'2TT,'I?Y IHYSICS 
Srnithsonian I n s t i t u t i o n  Ast rophys ica l  Cbservatory,  Cambridge, i lass , 1962 
PE 3-14253 
Siiggested n l a n s  f o r  space i n v e s t i g a t i o n s  of comets a r e  p re sen ted  and i n c l u d e  
d isc i i ss ions  of proposed f a r  u l t r a v i o l e t  obse rva t ions ,  a r t i f i c i a l  c o m t s ,  an 
o r l - i t i n g  a r t i f i c i a l  ccmetary nucleus,  and a cornet probe. 
n b y s i c a l  c h a r a c t e r i s t i c s  and past a s t rono ln ica l  obse rva t ions  of t h e  s ? e c t r a  
of comets is also discussed .  
A rev iew of t h e  
204. D. L. Roberts  
TPZ SCIEPJTIFIC CBJECTI'TJS OF DEEP SPACE IN\/ESTIGATIOIJS. COMETS 
I I T  Research I n s t i t u t e ,  10 West 35th S t r e e t ,  Chicago, Ill., March 9, 196b 
N61~.-19569 
Deep space measurements which can p rov ide  u s e f u l  data on comets a r e  
d i scussed  along wi th  a d e s c r i p t i o n  of t h e  comets of i n t e r e s t  and t h e  
planned mace missions.  
205. i-I. C. Corben 
RFiARKS ON A %?!*UT PROBE 
Space Age Astronomy, p. 330, Academic I r e s s ,  New York, N. Y., 1962 
The requireinents  f o r  launching  a cornet probe a r e  g iven  i n  a b r i e f  and 
p r e l i m i n a r y  assessment.  
206. ~ C ~ ' s l ~ T  I ? T 7 X ~ ~ P T  S TTDY 
'%ace Technolopy Labora to r i e s ,  Inc., Redondo Beach, C a l i f o r n i a  
rr6 3-162 29 
The sC,v?v of t h e  requi rements  and f e a s i b i l i t y  of a comet i n t e r c e p t  miss ion  
j n c l u d e s  a c o n p i l a t i o n  of t h e  p r o n e r t j e s  of 31 shor t - te rm comets, t h e  
de t e rmina t ion  of t h e  i n j e c t i o n  ei?eri.i2s for each of t h e  comets 4 t  a 
s u i t a b l e  launck- ?er iod ,  t h s  c a l c u l a t i o n  of t h e  d i s t a n c e  of t h e  comet f rom 
t h e  e a r t h  a t  i n t e r c e p t ,  computation of t h e  t r a n s i t  and f l i g h t  t imes,  
d e t w i i i n a t i o n  of necessa ry  guidance requirements ,  suppes t ions  of p o s s i b l e  
s c i e n t i f i c  ins t ruments ,  and an assessment of t h e  c a g a b i l i t i e s  of a v a i l a b l e  
b o o s t e r s .  
The proprams and p r o b t s  planned f o r  i n t e r p l a n e t a r y  and i n t e r s t e l l a r  i n v e s t i -  
gation are d i scussed .  A Nar iner - t -ne  c r a f t  i s  stated t o  be  in tended  f o r  
cometary miss ions ,  which w i l l  probably not be p o s s i b l e  b s f o r e  t h e  l a t e  60's 
or dur inp  t h e  70's. The primary o b s t a c l e  t o  a cometary probe i s  r e p o r t e d l y  




Babcock, H. W. 
Balazs, B. 
Ballik, E. A. 
Baranne, A. 
Bayes, K. Do 
Beard, D, B. 
Becker, K. H, 
Belton, M. 3 .  S. 
Bennett, R. G. 
Berger, R. 
Beyer, H. D. 
Bierman, L. 
van Biesbroeck, G. 
Blackwell, D. E. 
Bobrovnikoff, N. T. 
Bo sman- Cr espin, D . 
Brandt, J. C. 
Brissenden, P. 
Broida, H. P. 
Brown, H, 








































Bruwer, J. A. 
Carrington, T. 
Cherednichenko, V. I. 
Clusius, K. 
Cohen, A. J. 
Corben, H. C. 
Coutrez, R. 
Dalby, IF. W. 
DeCarlo, V. J. 
Defense Documentation 
Center 
Del Duca, B. 
Delsemme, A. H. 
Dibai, E. A. 
Dixon, R. N. 
Dobrovol' skiy, 0 . V. 
Donn, B. 
Douglas, A. E. 
Dubyago, A. D. 
Dufay, J. 
Elvey, C. T. 
Erickson, W. C. 
Evdokimov, Yu. V. 
Feast, M. W. 








151 179 180 191 199 202 







33 34 35 36 37 39 40 Irl 
L1. 









Fesenikov, V. G. 
Fessenkov, V. 
Freamo, M. 
Glasel, J. A. 
~ Greenstein, J. L. 
Groth, W. 
Grundzinska, S. 









Jose, P. D. 
Kiess, C. C. 
Ko eckel enbergh, A. 
Kraus, J. D. 
Kuiper, G. P. (ed) 
Levin, B. Yu. 




























27 28 29 
1 7  2 1 7  3 
108 




Q-ttleton, R. A. 
Mammano, A. 
IJiarochnik, L. S. 
Marr, G. V. 
Marsden, B. G. 
Mataloni, R. J. 
McCarty, M. 
McKellar, A. 
Merrill, P. W. 
Michel, A. 
IG-ddlehurst, B. M. (Ed) 
Miller, F. D. 
Pliller, S. L. 
Moknach, D. 0. 
Monfils, A. 
N-urray, B. C. 
Murthy, N.  Sreedhara 
Nakada, M. P. 
Ilicholls, R. W. 
O'Dell, C. R. 
Okabe, H. 
O'Keefe, J .  A. 











































19  2 
115 















Paul, D. E. 
Poloskov, S .  M. 
180 
66 67 
Pontrel l i ,  G. J. 
Potter, A. E. 
. 1  
Ill2 
Msay ,  D. A. 159 160 161 184 185 186 
Remy-Battiau, L. 
Rice, F. 0. 




Roberts, D. L. 204 
Robey, D. H. 
Elobinson, D. 19  2 
148 
170  
Robinson, G. W. 
Rommel, H. J. 173 
Rosen, B. 136 
1 7  8 
156 
181 Routly, P. M. 
Schuler, H. 166 
Sears, Go W. 
Shaw, J. W. 
Shoosmith, J. 
Shteins, K. A. 
Shute, Bo N. 
Singer, S. F. 











Stief,  L. J. 
Stuhl, F. 
Sture, S. Ya. 
Swings, P. 
Szasz, G. J. 
Trefftz, E. 
Turner, R. G. 
Urey, H. C. 
Voront s ov-Vel yaminov, 
B. A. 
Vsekhsvyatskiy, S. K. 
Walker, M. F. 
Wallace, L. V. 
Warsop, P. A. 
Watson, K. 
Welge, K. H. 
Wescott, L. D. 
Whipple, F. L. 
Whitney, C. 
Wilkinson, P. 





























1 7 1  
6 7 8 10 11 14 
18 19 20 2 1  





168 169 171 174 175 17 6 
96 97 98 99 
1 2 1  1 2 2  123 124  125 126 
Wller ,  A. A. 
Yevdokimov, Y. V. 















































































































































1 8 1  


































































































1 7  7 
16 
167 
132 140 1 7  6 187 194 
17 5’ 176 182 183 193 
164 1 7  5 193 196 197 
141 1.51 160 163 
I 
30 
168 169 17 0 17 1 17 3 
27 76 138 1.58 159 

































1 7  6 






151 158 159 161 162 163 
167 168 169 1 7  0 1 7 1  1 7  2 
1 7  6 17 7 201 




8 30 154 190 202 
l.41 
